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FUNDAMENTALS OF 
CHEMISTRY 


Introduction (5%): 


The modern world in which we live is the world 
of chemicals: For example plastic, rubber, nylon, 
medicine, ink, paper, paint, dyes, polish etc- We 
all depend upon different chemicals which are ne- 
cessary for our survival (@)- 

Chemistry is the study of nature of matter and 
the ways in which different forms of matter 
combine with each others- The development of 
chemistry has provided us a lot of facilities and 
serving (the-#8) the humanity and nature: Chemi- 
stry has a wide application in our daily life: Vari- 
ous examples are petrochemicals, medicine, drugs, 
papers, plastics, paints, colour pigments, soap and 
detergents: The study of chemistry also provides 
knowledge and techniques to improve our health 
and environment and to explore and conserve the 
natural resources: 


QI: Explain the history of chemistry: i 


apferlankerdiente Ze 
Ans: Muslim Period 600-1600 AD: 
The science of chemistry grew and flourished in 
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early civilization of the world- The Egyptians 
(WP), the Greeks (dty), the Romans (fu) and the 
Muslims contributed much to the science of che- 
mistry: The Muslims made a rich contribution to 
the knowledge of chemistry: They spread like 
shining stars on the horizon of the world of 
science: They made effective and valuable services 
in the field of chemistry: This period of Muslims 
is almost 1000 years long The principal goals of 
the Muslims chemists were: 
> To find out methods to prolong life 
> Looking for ways to change base metals 
such as lead into gold: 
> To find physical evidences (4) to support 
religious and philosophical beliefs: 


Although they failed in doing so but they laid 
the foundation of the laboratory methods: These 
methods are still used in the modern chemistry: 
The Muslim scientists discovered many elements 
eg Arsenic (As), Stabium (Sb) and Bismuth 
(Bi) ete: They invented instruments like beakers, 
funnels, crucible, furnaces and retorts: Similarly 
many new chemical procedures were also intro- 
duced by the Muslim scientists -like filtration, 
fermentation and distillation’ The period of Mus- 
lims is generally called the period of. “Al- 
chemists” in the history of chemistry: Muslim 
scientists presented chemistry as purely experi- 
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mental science: Soin famous Muslim scientists 
and their achievements are mentioned here: 


1: Jabber lbn Hayyan_ (721-803 AB): 
(BISE Kohat 2019) 


Jabber Ibn Hayyan is generally known .as the fa- 
ther of chemistry: He was probably the first 
scientist who had a well established laboratory: 
He invented experimental methods such as distil- 
lation, sublimation, filtration and extraction of 
metals: He prepared hydrochloric acid (HCL), ni- 
tric acid (HNO,) and white lead- 


2: Muhammad {bn-e-Zakariga Al-Razi (864- 1-990): 
Al-Razi was a physician, chemist and a philoso- 
pher- He wrote 26 books: The most famous book 
was “Al-Asrar”- In this book he discussed the 
different processes of chemistry: He was the first 
chemist who divided the chemical compounds into 
four types- He also divided the substances into 
living and non-living origine He prepared alcohol by 
fermentation process: 


3- Al-Beruni (973-1048): 3 
Al-Beruni contributed in the field of physics, mer 
ta-physics, mathematics, geography, astronamy 
and history: In the field of chemistry he unde 
tood the diffegent chemical procedures and chem- 
ical combinations: He determined the densities of 
different substances: at 
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4: Ibn-e-Sina (980-1037): 

lbn-e-Sina is generally known as the Aristotle of 
the Muslims world: He is famous for his contri- 
butions in the fields of medicine, mathematics, 
astronomy, medicinal chemistry and philosophy: 
He is the first scientist who rejected, the idea, 
that base, metals can be converted into gold- He 
wrote more than 100 books: These books were 
taught in the Europe for centuries: 


Q2: Define chemistry: Explain various branches 


Ser ust Batya ASS PE 


Ans- Chemistry: 
(Malakand 2078, Peshawar 2019, Bannu 2079) 


Definition: “The branch of science which deals 
with the study of matter, composition of mat- 
ter, structure of matter, properties of matter, 
changes occurring in matter and the laws and 
principles which govern these changes is called 
chemistry-” 


Branches of Chemistry: 

The field of chemistry is very vast (@)- To cover 
all the areas of chemistry, it is well divided into 
different branches: The main branthes of chemi- 
-stry are as follow: 


1- Physical Chemistry: 

“The branch of chemistry which deals with the 
study of physical properties of matter and the 
laws and principles that explain the changes in 
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matter and energy is called physical chemistry-” 


2+ Organic Chemistry: 
“The branch of chemistry which deals with the 


study of hydrocarbons and their derivatives is 
called organic chemistry-” 


3: Inorganic Chemistry: 

“The branch of chemistry which deals with the 
study of elements and their compounds except 
hydrocarbons, carbon and their derivatives is 
called inorganic chemistry-” 


4: Analytical Chemistry: 
“The branch of chemistry which deals with the qu- 


alitative (SA) and quantitative (Se) analysis (27) 
of matter is called analytical chemistry-” 
Qualitative analysis means the amount of each 
atom or molecule in the given sample- 
Quantitative analysis means the kind of atoms or 
molecules present in the given sample: 


5: Industrial Chemistry: 
“The branch of chemistry which deals with the 


study of various techniques and chemical processes 
used for the preparation of different industrial 
products like cement, glass, plastic and fertilizers 
is called analytical chemistry-” 


6: Nuclear Chemistry: 
The branch of chemistry which deals with the 


study of nucleus, changes occurring in the nue- 
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leus, properties of the particles present in the 
nucleus and the emission or absorption of radia- 
tions from the nucleus is called nuclear chemi- 
stry>” 


7- Biochemistry: ; 

The branch of chemistry which deals with the 
study of synthesis, composition, decomposition 
and chemical reactions of substances which takes 
place inside the bodies of living organisms is called 
biochemistry-” . 


&: Environmental Chemistry: 
The branch of chemistry which deals with the 


study of various. chemical substances present in 
the environment and their effect on humans life, 
animals and plants life is called environmental 
chemistry” 


9- Electrochemistry: 
'¢ deals with the study of inter-conversion of 


electrical and chemical energies: 

10- Thermo-chemistry: 

le deals with the study of the amount of heat 
evolved or absorbed during a chemical reaction 


Q3: Define and explain basic terms used in che- 


mistry- © pFerlfew lated tnd eli eg ee 
Ans: Basie Definitions: 
Matter: 


“Anything having mass and occupy space is called 
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matter-” 
Examples are: chair, pen, desk, bench etc- 


Mass: 
“The quantity of matter contained in a body is 
called mass-” 


Substance: 

“A piece of matter in pure form is called a sub- 
stance-" A substance is a word used to describe 
the type of matter which has definite ape 
and composition: 


Example: Water is an example of substance because 
all samples of pure water obtained from different 
sources have exactly the same composition and 
properties: Classification of matter is given below: 


Matter 
Substance Mixture 
Element Compound Homogenous Heterogenous 
(oxygen, carbon) (water, NaCl) Mixutre Mixutre 


(Sugar in water) (Rock) 


in 71924 De-Broglie put forward the theory of dual 
nature of matter: He said that matter posses 
both the properties of waves and particles: He 
said that these two systems could not remain de- 
tached from each others: He mathematically 
proved that every moving -object is attached with 
waves and every wave has particle nature as well: 
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Element: 

“A substance composed of chemically similar 
atoms is called an element-” Chemically similar 
atoms mean, atoms having the same atomic 
numbers: 

Definition 2: 

“A pure substance which cannot be split up into 
other simpler substances by any ordinary physical 
or chemical processes is called an element-” 


There are approximately 118 elements: Among 
them 92 are natural and the remaining have 
been prepared artificially in the laboratories: Ele- 
ments are made up of smail particles called 
atoms: 


Atom: (Mardan 2018) 

Definition: “The smallest particle of an element 
that can take part in a chemical reaction is called 
an atom-” Atoms of a particular element are 
same to each others but different from the 
atoms of other elements: 

Symbols cf Elements: 

Definition: “An abbreviation used for the chemi- 
cal name of an element is called a symbol-” 

“The shortest name of an element is called a 
symbol-” 

In 1874, Berzelius suggested the system for 
representing elements with symbols: In most cas- 
es, the 1 letter of the name of an element is 
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taken in capital letter as the symbol: 


Name of Element Symbol 
Ee ae ered 
LOngen | 

ae aa 


$ 


in some cases where the 7* letter has already 
been used, then the 7 letter is capital together 
with a small any other letter from its name are 
used: Similarly if different names of the elements 
start from the same word, then second word 
(small letter) is written for differentiation: 


Narme Symbol Name Symbol 
[Aluminum “| _Al__ | Cobalt | co 
[Magnesium | Mg | Chromium | Cr__| 
[Calcium | ca Barium | Ba __— 
[cerium | ce | Beryllium | Be __| 
[cesium | es | Bismuth | ai 
[cadmium | cd | Bromine | * Br_| 


Al 

Mg 

Ca 

Ce 

Cs 

Cd 
Berkelium 
Some element’s symbols start with their Latin 
or Greek language name- Examples are: 
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English Latin/Greek Name 

Name 

[Gold | Aurum sf 
[Potassium | Kalium LK 
Sadun [wet [as 
Stannum ea || 
ast lems 


Scientifie_Informations: 

The element Galium has a symbol of “Ga” 
atomic number “37” and mass number = 
69-723: It is a soft metal and has silver colour: 
lt never exists and found free in nature: It has 
some unique properties For example it is so 
soft that it can be cut with knife: Its melting 
point.= 29-76°C: So a lump (23) of gallium, it 
would melt from the warmth of your hand- 


Q4: Explain compound and mixture in detail-£ 
wut =! loli etal 


Ans: Compound: (Kohat 2019, Swat 2019) 
Definition: “A new substance produced by the 
chemical combination of two or more differerit 
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elements in a fixed ratio by mass is called com- 
pound-” 

A compound is a pure substance: The properties 
of the compound are different from its constitu- 
ent (dt) elements: For example, water is a com- 
pound: It is made up of two different elements 
hydrogen and. oxygen- The ratio of hydrogen 
atoms to oxygen atom in water is always 2:7 by 
volume: 

Similarly sodium chloride is also a compound: It is 
composed of 39°3% sodium and 60-7% chlorine 
by mass: A compound can only be converted into 
its elements by chemical methods- 

Changing the ratio between atoms in a compound 
results in the formation of another compound: For 
example; adding one extra oxygen atom to water 
changes the ratio from 2:1 to 2:2 and the result- 
ing compound will be HO, (hydrogen peroxide): 
Formula of Compound: 

A compound is always represented by a chemical 
formula’ Chemical formula shows, symbols of the 
elements of which the compound is made and 
their combining ratio to each others: Some com- 
mon compounds, their chemical names and formu- 
lae are given below: : 


Common Name Chemical Name Chemical 


Formula 


Sodium bicarbonate | NaHCO 
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powder ride 

Lime water/ Calcium hydroxide \ Ca(OH), 
milk of lime or 
slaked lim 


Mixture: 

Definition: “A material formed by the physical 

combination of two or more substances is called a 

mixture-” 

A mixture may consist of elements, compounds 

or both: The components of a mixture can be 

separated by physical methods: In a mixture. the 

components retain (1132) their original proper- 

ties' The components of mixture are not mixed 

in fixed ratio- , 

Examples: 

7. When sugar is dissolved in water, it form a 
mixture which is sweet in taste: The sweet- 


ness is due to the presence of sugar in water- 
2: When iron pieces are mixed with powdered 
sulphur, a mixture is produced: lron can be 
separated from this mixture by means of a 
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magnet Similarly, in this mixture iron main- 
tain its black colour and magnetic behaviour 
and sulphur retain its yellow colour- 

3- Another example is alloy: Alloy is a homoge- 
neous solid mixture of two or more than 
two metals or metals and non-metals: Its 
examples are: steel, brass, bronze, nichrome 
and solder- ; 

Types of Mixtures: (Malakand 2018, Bannu 2079) 

There are two types of mixtures i-e- 


> Homogeneous mixture 

> Heterogeneous mixture 
7- Homogeneous Mixture: 
Definition: “A mixture having uniform composi- 
tion throughout its mass is called homogeneous 
mixture’” For example; when common salt 
(NaCl) is dissolved in water, a homogeneous mix- 
ture is formed: Homogeneous mixtures are also 
called solutions: 
2- Heterogeneous Mixture: 
Definition: “A mixture having no uniform composi- 
tion throughout its mass. is called a heterogeneous 
mixture:” In these mixtures one part has different 
composition than the other part- Here the distribu- 
tion of components is non-uniferm- Examples are; 
concrete is @ heterogeneous mixture of rock, sand, 
cement and water: Rock and ice cream are also the 
examples of heterogeneous mixtures: Similarly salad, 
dirt, sand and water ete are ather examples: 
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EXAMPLE 1-1: If we stir a teaspoon of sugar in- 
to a test tube of water and a teaspoon of sand 
into another test tube of water (dissolve), but 
the sand will not: Which mixture is a solution? 
Solution: 

When sugar is dissolved in water, it forms solu- 
tion which is a homogeneous mixture: The sand 
and water forms a heterogeneous mixture: It is 
because particles of sand are visible in the mix- 
ture and do not distribute evenly throughout: On 
the other hand sugar particles are invisible even 
with a microscope: 


PRACTICE PROBLEM 1-1: Making Mixtures: 
Make mixtures of sand, baking soda, ink and_oil 
in_ water: 
Classify _these_are heteregeneous or homogeneous: 
Give reasons for your choice: , 
Solution: 
as Mixture of sand and water is heterogene- 
ous because sand particles are not distri- 
buted evenly: 
Mixture of baking soda and water is ho- 
mogeneous because the particles of baking 
soda uniformly distribute in water and its 
particles cannot be seen with naked eye: 
> Mixture of ink and water is homogeneous 
because components of ink are distributed 
uniformly and secondly cannot be seen 
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with naked eye- 


> Mixture of oil and water will be heteroge- 
neous because molecules of oil do not dis- 


tribute uniformly in water and form sepa- 
rate layers when allowed to stand / rest: 


Ans: 
compound are as under: 


Compound 
7- lt is formed as a 
result of chemical 
combination of atoms 
of elements:. 
2: The constituents of 
compound loses their 

| original properties: 
3- Compound has al- 
ways fixed composition 
by mass- 
4- Components of the 
compound can be sepa- 
rated by chemical me- 
thods- 
5: Compound is 
represented by a 
chemical formula: 
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The main differences between mixture and 


Mixture 

{¢ is formed by the 
physical combination or 
mixing up of sub- 
stances: 

The constituents of 
mixture retain their 
original properties: 
Mixture does nat have 
fixed composition by 
mass: ; 
Components of mixture 
can be separated by 
physical methods- 


Mixture does not have 
any chemical formula 
because it consists of 
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6+ Compound has a Mixture may be homo- 
homogeneous composi- | geneous as well as he- 

tion: terogeneous: 

7+ Compound has sharp | Mixture does not have 
and fixed melting sharp and fixed melting 
point: point: 


& Compound is the Mixture is the impure’ 
pure form of matter: | form of matter: 


9+ Chemical bond ex- No chemical bond exists 
ists between compo- between components of 
nents of the com- the mixture: 

pound: : 


Examples: HO, NaCl, Air, rock, concrete 
K&r 


Q6: What is atomic number and mass number? 


pfctl AK th 


Ans: Atom: (Swat 2079) 

“The smallest particle of an Shelt 

element which can takes part | Nucleus 

in a chemical reaction is called 

an atom-" : 

Parts of an Atom: 

There are two main parts of an atom: The cen- 
tral part is called nucleus and the extra nuclear 
part is known as shells / orbits / energy levels: 
Sub-Atomic Particles: : 

According to the latest research atom has more 
than 100 sub-atomic particles' The particles of 
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which the atom is made are called sub-atomic 
particles» Some of these are electron, proton, 
neutron, meson, meo-meson, pien, kayons, 
hyperon, boson, nutrino, anti-nutrine and anti- 
proton ; 

Atomic Number (Z): 

Definition: “The number of protons present in the 
nucleus of an atom is called atomic number-” It is 
represented by “Z"- The symbol of “Z” is taken 
from the German word “Zahl” which means 
“number”: Atomic Zahl —» atom number or 
atomic number: 

le has been found out that the atoms of one 
element differ from those of the other elements 
by the number of protons in their nuclei: No 
two elements have the same number of protons: 
We also know that atom is electrically neutral so 
the number of electrons must be equal to the 
number of protons: The number of neutrons in 
the atom of an element is different and canh> 
be used to characterize the atom: Therefore 1 
periodic table elements are arranged on the bas: 
of increasing atomic numbers i-e- number of pr - 
tons: Some elements with their atomic numbers 
are given below: 


Element Symbol At- Element Symbol 


# at 
PaudroseelH | [éarglium [se [4] 
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Mass Number (A) / Nucleon Number: 
Definition: .“The sum of the 
number of protons and neu- 
trons present in the nucleus | Proven 
Neutron 
of an atom is called mass 
number-” it is represented by 
“A”: It is also called nucleon number: As protons 
and neutrons are relatively heavier particles than 
electron so, mass of an atom depends upon the 
number of protons and neutrons: 
Mass number = proton + neutron 
Hence the number of neutron can be calculated as, 
Number of neutron = mass number - atomic number 


Mass number<— 4 


—> Mass symbol 


Atomit numbere—2 


The superscript “A” represent mass number and 
the superscript “Z" represent atomic number: 


EXAMPLE: Show/explain the atomic number, 
mass_number and sub-atomic particles of carbon 
and oxygen: : 
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Solution: 
7 Atomic number of carbon 
=eZ =6 


Number of protons = 6 
Number of electrons = 6 
Mass number of carbon = A = 72 
Mass number = P+N=6+4+6=72 
Symbolic representation of carbon = ,C* 
Number of neutrons = A- Z=712-6=6 
2- Atomic number of oxygen = Z=8& ° 
Number of protons = & 
Number of electrons = & 
Mass number of oxygen = (A) = P+N 
A=8+8=76 
Symbolic representation of oxygen = ,0"° 
Number of neutrons =A-Z=16-8 28 


TEST YOURSELF: 
1: An atom of lithium has three protons and 


four treutrons in its nucleus: 

a What is its atomic number and atomic mass? 
Ans: As we know that atomic number is the 
number of proton, so atomic number = 3: We 
also know that mass number-is-the sum of pro- 
tons and neutrons so mass aumber = 3 + 4 =7- 
b- How many electrons does it have? 

Ans: As the number of-elettrons in an atom is 
equal to the number of protons so lithium will 
contain 3-electrans: 
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iron is 26 and atomic 

® mass _is 56: - s 
a How many protons and electrons dozs an 
iron atom have? 
Ans: As atomic number is 26, so the number of 
protons = 26 and the number of electrons = 26- 
b- How many neutrons does an iron atom have? 
Ans: Neutron = mass number = atomic number 

Neutron = 56 - 26 = 30 

3: Do you know any element having no_neutron 


in its atom? - ; 
Ans: Yes | know an atom of hydrogen namely 


protium which has no neutron: 
Protium = ,H’ Atomic number (Z) = 7 


Mass number (A) = 7 
Neutrons =A- Z 
Neutrons =7-7=0 


SCIENTIFIC KNOWLEDGE: 


lsotopes: Atoms of the same element having the 

‘same atomic numbers bu. different mass numbers 

are called isotopes and this phenomenon is called 

isotopy: The difference in mass number is due to 

the difference in the number of neutrons: 
‘Isotopes of carbon = Cf, C2, C8 


Isotopes of oxygen = ,,0%, ,,0*, 0° 


Q7: Explain the following terms: relative atomic 
mass, atomic mass unit and average atomic 
mass: ae wf Soo bes Seis £55 
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Ans- Relative Atomic Mass: (Bannu 2019) 
Definition: The relative atomic mass of an ele- 
ment is the mass of one atom of an element as 
compared to the mass of 1/72 the mass of C-i2: 
(OR) 

“The mass of one atom of an element as com- 
pared to the mass of 1/12 mass of the lightest 
isotope of carbon (C-12) is called relative atomic 
mass-” ‘ 


As we know that atom is very small and invisible: 
There is no sensitive balance to measure the mass 
of a single atom: It has been observed by x-rays 
work in the 20% century that size of the atom 
is so small that it can be imagined by the follow- 
ing calculations: 

7- tts diameter is about O-2nm- 

2- A person breaths approximately (<7) 70° 
million atoms in a deep breath (4) 10=1 
oe) 

3- ff atoms are joined together in a line two 
million atoms will be required to cover a 
-full stop (*): : 

Similarly the mass of an atom ranges from 10°74 
grams to 10°*? grams: Therefore need was felt to 
express atomic masses by comparing them with a 
mass of standard atom- Carbon (C-12) atom was 
chosen as a standard for comparison’ Carbon has 
the mass of exactly 72 units: 
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C=72 units 

One atom of carbon = 72 units 
1/12" of the mass of C- 12 =7 
Atomic Mass Unit (a:m-u): 
Definition: “The quantity of 1/12 of C-12 is 
called atomie mass unit (a-m-u)-” 

Atomie mass unit is the mass of the 1/12% the 
mass of an atom of C-12- Atomic mass unit is 
the unit for atomic masses: It is abbreviated as 
amu- It is also called Dalton (Da)- 

Relationship between amu_and Gram: 

7 mole carbon atoms = 72 grams 

6-023 x10” carbon atoms = 712 grams 


—_2 __ = 7.99 x10 
6-023 x10" 


T-carbon atom 
gm 
1-carbon atom weights = 1-99 x107%g 


72 amu weights = 7-99 x1073g 
7 amu weights = re 1109 
7 amu weights = 0-167 x107°g 
7 amu = 1-67 x10" grams => 1-67 x10 kg 


Relative Atomic Masses of Some Elements: 


Element Relative Atomic Mass 
1- Hydrogen 17-0079 = 1-008 amu 
2: Oxygen ; 15-8994 =16 amu 


3+ Sodium 22-9897 = 23 amu 
4- Magnesium 24-3050 = 24 amu 
5: Silver 107-8082 = 107-80 amu 
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Average Atomic Mass: 
Average atomic mass is the weighted average of 


the atomic masses of the naturally occurring jso- 
topes of an element: 
Most of the elements have fractional atomic 
masses or decimal atomie masses: This is because 
most elements are composed of two or more na- 
turally occurring isotopes and the relative abun- 
dance (2) of each isotope is counted: 
Relative atomic masses depend upon: 

7- Number of possible isotopes 


2- Percentage/abundance of each isotope 
Formula used to find out the average atomic 
mass of an element is given below: 


Average atomic mass = . 
(Atomic mass of I* isotope x % abundance) 


700 
, (Atomic mass of 2nd isotope x % abundance) 
: 700 . 


EXAMPLE: 

The average atomic mass of chlorine is 35-5 amu- 
There are two isotopes of chlorine, one is CI-35 
and the other is Cl-37- The percentage of CI-35 
is 75% and the percentage of Cl-37 is 25%- So 
the average atomic mass of chlorine can be calcu- 


lated as: 
Average atomic mass= C6 27817428) 
_ 2625 + 925 


700 
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355. 
= Tap 7 GS-50 amu) 
PRACTICE PROBLEM 1-2: 
Naturally occurring gallium consist of 60-108% 
Ga-69 with a mass of 68-9256 amu, and 
39-92% Ga-71 with a mass of 70-9247 amu: 
Calculate the average atomic mass of gallium: 
Calculate the average atomic mass of neon from 
the given data: 
2°Ne = 90-51%, Ne = 0-27% , Ne = 9:22% 
Solution: 


i) Average atomic mass of Ga 
~ (68:9256X60-108) + (70-9247x39-892) 


(00 
_ C4142:979) + (2829-328) 


700 
= 6972°307 _ 169.72) 
700 


ii) Average atomic mass of Ne 
_ (20%90-51) + (21x0-27) + (22x9-22) 


700 
~ 1810-2 + 5-67 + 202-84 
100 


_ 2018-71 _ 
100 
| Q&: Stute and explain with examples: 
~pfertaS Lite 
7- Chemical Formula 2: Empirical Formula 
3: Molecular Fo-rauia : 
Ans: T- Chemical Formula: (Xohat 2079) 
Definition: “The symbolic representation of a mo- 
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lecule or a compound is caed chemical formula-” 
Chemical formula is an abbreviation used for the 
full name of a compound: The chemical formula 
of a compound is written by putting together 
the chemical symbols of the elements that make 
up the compound: Chemical formula gives us in- 
formations about; 
1. Type of atoms [elements] present in the 
compound: 
2: The ratio of different atoms present in 
compound: 
For example; 
Chemical formula of sodium nitrate = NaNO; 
Chemical formula of glucose = C5H,20¢5 
Tupes of Chemical Formula: 
There are two main types of chemical formula: 
1. Molecular Formula 
2: Empirical formula 
7- Molecular Formula: (BISE Malakand 2018, Ab- 
bottabad 2079) 
“The type of chemical formula which shows the 
exact number of atoms of each element present 
in one molecule of that compound is called mole- 
cular formula” Molecular formula shows the 
composition of a molecule: Examples: 
Molecular formula of glucose = CgHj)20¢5 
Molecular formula of benzene = CoH, 
2: Empirical Formula: 
“The type of chemical formula whith shows the 
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smallest whole ree ratio of atoms / ions in a 
compound is called empirical formula-” 

The word 
word 


“empirical” means experimental: The 
“empirical” also means based on observa- 
tions and experiments: An empirical formula al- 
ways gives the correct ratio of the elements in 
the compound: For example: 

The empirical formula of glucose i is CH,O- 

The empirical formula of benzene is CH- 


The empirical formula of acetylene (C,H) = CH 
The empirical formula of hydrogen peroxide 


(H,02) = HO 


Some Compounds with Molecular_and Empirical 


Formula: 
Name of Com- 
pound 

Acetic acid 
Acetylene 
Benzene 
Glucose 
Hydrogen pe- 
roxide 
Sulphuric acid 
fron oxide 
Ammonia 
Methane 
Water 


Molecular For- 
mula 
CH;COOH — 
CoH4O> 

CoH, 

CoHe 

CoH 1206 

H202 

H250, 

Fe,0; 

NH, 

CH, 

H30 


Empirical For- 
mula 


Sometimes a molecule has the same empirical. and 
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molecular formula: For acamiple: 


Methane: CH, and CH, 
Water: H,0 and H,0 
Ammonia: NH; and NH, 


Carbon dioxide: CO, and CO, 
A molecular formula may be the same or multiple 
of empirical formula: 
Derivation of Molecular Formula: 
Molecular formula is derived from. empirical for- 
mula by the following relationship: 
Molecular Formula: 
n x Empirical formula 
The value of “n” can be find out as: 
Pa mass 
Z Empirical formula mass 
EXAMPLE: The empirical forméla_of benzene is 
CH: The molecular_mass of benzene is _78 amu: 
find out its molecular formula: 
Solution: 
Empirical formula = CH 
Empirical formula mass = 12 + 7 = I13amu 
Molecular mass = 78amu 
Molecular mass _ 78 
3 Empirical formula mass ary 
Molecular formula = n(empirical formula) 
= 6(GH)=> (C,H) 


=6 


formula Unit: 
“The smallest repeating unit of an ionic com- 
pound is called formula unit-” 
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Formula unit shows thé sinjplakt. ratio between 
the ions present in a giant (x Lay) structure: All 
the ionic compounds are represented by the for- 
mula unit: For example; NaCl is the formula unit 
of sodium chloride: In sodium chloride Na‘ ions 
and Cl ions are present in 1:1 ratio- Similarly KCI 
is the formula unit of potassium chloride: 
PRACTICE PROBLEM 1-3: 
How many atoms of each element are present in 
one formula unit of each of the following com- 
pounds? 
(a) H9,Cl, (b) NH,H,PO, 
(eo) MCh, (d) NH,OH 
Solution: 
a Number of atoms of each element in H92Cl,: 
Hg = 2 c= 2 
b- Number of atoms of each element in 
NH.H2POz: 
N=7 H=6 P=71 0-4 
Number of atoms of each element in MgCl: 
Mq=7 cl = 
Number of atoms of each element in 
NH,OH: 
N=7 H=5 


Q9: What is molecular mass of a compound and 
formula mass of a formula unit? 
teat irae Balt Wr ies wheel t 


Mardan 2079, Peshawar 2019 


Ans: Molecular Mass: 
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Definition: “The sum of the relative atomic masses 
of all the atoms present in a molecule is called mole- 
cular mass-" Its unit is amu- 
Molecular mass of a substance can be calculated 
by adding the relative atomic masses of all the 
atoms present in one molecule of that substance: 
For example:. 

Molecular formula of ethane = CH; 

Atomic mass of C = 72 

Atomie mass of hydrogen = 7 

Molecular mass =2(atomic mass of C) 
+6(Atomic mass of H) 

= 2(12) + 6() 


Formula Mass: 


: Definition: “The sum of the relative atomic 
a masses / ionic masses present in the formula unit 
: of an ionic compound is called formula mass:” ° 
For example, formula mass of NaCl can be caleu- 
lated as: 
Formula mass of NaCl=1(At-mass of Na) + 
(At-mass of Cl) 
= 1(23) + 1(35-5) 
= 23 +35-5 = (58-5 amu) 
EXAMPLE 1-2: Caleulate the formula _mass of: 
(a) (NH,)250, (b) Fe(NO;), 
Solution: 
(a) CNHi)250,; 2N - 2x14 = 28 amu 
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6H > 8x1 = Samu 
1$ 1x32 = 32amu 
4(0) 24x16 = 64 


(732amu) 
’ (b) Fe(NO,),: Fe = 1 x 56 = S6amu 
2N = 2 x 14 =.28amu 
6(0O) = 6 x 16 = 96amu 
So formula mass = |180amu 


PRACTICE PROBLEM 1-4: 
Calculate the formula mass of: 
(a) KCI (b) Na,CO, 
Solution: 
Formula mass of KCl = 39 + 35-5_= 74-5 amu 
Formula mass of Na,CO; 
= (2x23) + (1x12) + (3x16) 
= 46 +12+ 48 = 


Q10: Explain chemical species in detail- 
fer la Sar 


Ans- Chemical Species: 

Definition: “Atoms or group of atoms which take 
part in a chemical reaction are called chemical 
species*” : 

1 may be neutral or it may carry a charge: 
Chemical species are classified into ions, free radi- 
cals and molecular ions: 

tons: 

Definition: “The particles that carries a net elec- 
trical charge, positive or negative after gaining or 
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losing electrons are called simple ions-" lons are 
of two types: 

a) Cations [Positive lons]: 

Definition: “The positively charged specie is called 
cation” It is formed after loss of electrons from 
the valence shell of an atom- Positive ions have 
always less number of electrons than the number 


of protons: 
' Examples: 
Atoms :; Cations : Electrons . 
HO ——A H + Te : 


Na ———> Na’ + Te 

Mg ————> Mg? + 2e 
b) Anions [Negative lons]: 
Definition: “The negatively charged specie formed 
after gaining electrons is called anion-” Negative 
ions [anions] always have more number of elec- 
trons than the number of protons: 
Examples: 

Atoms : 
+ f£+le ——>» _— F” Fluoride ion 

cl+fe —————> cl’ Chloride ion 

O+2e5 ———» 0° Oxide ion 


Differences Between an Atom and fon: . 


7: It is neutral: It has |T7- tt has a net charge: 


same number of pro- The number of protons is 
tons and electrons: different than electrons: 
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2: lt is the smallest 
particle of an element: 


unit of an ionic com- 
pound: 


3- /& cannot exist free- | 
ist freely: ly- 
Fe, £07 


Molecular _lons: (Mardan 2018) 
Definition: “A molecular specie having positive or 
negative charge is called a molecular ion-” 


When a molecule loses or gains one or more elec- 
trons, it forms a molecular ion’ Molecular ions 
can be cationic molecular ions or anionic molecular 
ions- Cationic molecular ions are more common 
than anionic molecular ions: 
Cationic Molecular lons: 

CO", Of, C7H,,N3, 50% 
Anionic Molecular lons: 

€,H,0', $07 , PO; 
free Radical: 
Definition: “A specie having an unpaired or odd 
number of electrons is called free radical-” Ac- 
tually free radicals are atoms or group of atoms 
that has a single [unpaired] electron in an out- 
ermost shell with no charge: It is represented by 
putting a dot over the specie. For example: 
Hy, C1, CH, ete: 
Free radicals are formed by the homolysis / ho- 
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Wile fission [equal pldhinal of the covalent 
bond between two atoms- Homo = same/equal 
and lysis = breaking) Homolysis means equal 
breaking of a bond in such a way that both the 
bonded atoms ‘get their shared electrons back- 
For example: 

7 BON 434° + A [Free radicals] - 
BOO gp—_ 38° +8" [Free radicals] 
Homolysis results in the formation of free radi- 
cals which are the most reactive among chemical 

species: 
EXAMPLE: When methane. reacts with chlorine 
gas in the presence of sunlight, free radicals are 
formed and a chain reaction is set up-. 
1. First chlorine molecule (Cl) breaks into free 
radicals: 
Cl ODS cf Suntan“, E+ El 
2- Then chlorine free radicals react with me- 
thane C CH,) molecule and form methyl free 


radical: 
if 
H— ¢ DOE 5 Ht + Hel 
HW 


The ce H,) methyl free radical is very much 
reactive, further react with a chlorine molecule 
to form chloromethane (CH;Cl) and chlorine free 


radical (C 1): 
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Hse YVaNCa. j= =3s the C+ él 


This reaction continuous till all the pidiagens of 
methane are replaced by chlorine free radicals: 


QU: What is molecule? Explain various types of 


molecules with the help of examples- 
apferbon Sie fy Sa FS 
Ans: Molecule: (Swat 2079) ; 

. Definition: “The smallest particle of matter which 
can exist free in nature is called a molecule” 
Molecule is formed by the chemical combination 
of atoms: A molecule may be composed of similar 
/ like or unlike atoms: lt shows all the properties 
of that particular substance: 

Types of Molecules: 

Depending upon the number and types of atoms, 
molecules are of the following types: 

7- Mono-Atomic Molecules: 

“A molecule made up of only one atom is called a . 
mono-atomic molecule-” For example, molecules 
of noble gases such as: Helium (He), Neon (Ne), 
Argon (Ar), Krypton (Kr) and Xenon (Xe): 

2- Di-Atomic Molecules: 

“Molecules made up of two similar.or two differ- 
ent atoms are called di-atomic molecules:” | 

" Examples are: : 

He, Nz, Clo, O3, HCl, CO, NO- . 
Homo-Atomic _/ Homo-Nuclear Di-Atomic 
thalecules: ; 
“Molecujes made up ‘of two similar atoms are 
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called homo-nuclear diatomic molecules:" 
Examples: : 

Hz, Clo, Bro, Oo, Nz 
b- Heteronuclear Di-Atomic Molecules: 
“Molecules made up of two different atoms are 
called hetero-atomic / hetero-nuclear dracoinie 
molecules-” 
Examples: 

HF, HCl, CO, NO 
3: Poly-Atomic Molecules: Poly = many, 
“Molecules made up of more than two similar or 
different atoms are called polyatomic molecules-” 
Examples: 

H2O, COs, NH5, CHy, Ho$Ou CiHo2Om Pas 
Ss, O3 ete- : 
Polyatomice molecules can be homonuclear like Oz, 
Py, Ss and heteronuclear like CO2, H,50,° Polya- 
tomic molecules containing 3-atoms are called tri- 
atomic molecules like CO, HO, 502 while those 
which contain 4-atoms are called tetra-atomic 
like Px, S03, NH; ete- 
4- Macro-Molecules: Macro = very large/big 
“Molecules of high molecular masses, whose mole- 
cular masses are usually greater than 70, 000amu 
are called macro-molecules:” 

; Examples: Haemoglobin is made up of nearly 
70,000 atoms and it is 68;000 times heavier 
than a hydrogen atom: Other examples are pro- 
tein, carbohydrates etc: 
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Atomiciticity: 
“The number of atoms present in a molecule is 
called its atomiticity-” 


Atomiticity of Cl, = 2 

Atomiticity of NH, = 

Atomiticity of Cet Og = 24 
Q12: What do you understand/mean by the 
term mole and Avogadro’s number? Explain with 
suitable examples wt fot SA digit sa Suse 
Ans: Mole: ; 
(Mardan, Peshawar, Kohat, Abbottabad 2019) 
Mole is a Latin word which means a huge (sh) 


mass: Mole is a counting unit: Mole is the unit of 
amount of a substance: It is represented by “n”- 
As 2 similar things is equal to 7 pair 

72 similar things is equal to 7 dozen 

700 similar things is equal to 7 century 

744 similar things is equal to 7 gross 

1000 similar things is equal ta 7 kilo 
Similarly, “a group of 6-023 x10”? similar things is 
called ony mole-” a 
Definition-2: 
“Gram atomie masses, gram molecular masses and 
gram formula masses is also called mole-” 
We use different units in our daily life to 
represent different quantities of items: For ex- 
ample shoes are counted by pairs, eggs and bana- 
nas are counted in dozens and paper by ream- 
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‘Chaise also use a unit for counting atoms, ions 
and molecules: This counting unit is called mole: 
Mole unit is used to count/ measure the amount 
of substance: 


Mole is also defined as “the amount/mass of a 
substance which contains Avogadro’s number — 
[6-023 x10” ] of particles is called mole-" 

Atomie mass of C = 712 amu, 

Expressed in grams = 12g = Tmole 

Molecular mass of H,O = 1&amu, 

Expressed in grams = 189 = mol 

Molecular mass of H,50, = 98amu, 

Expressed in grams = 989 = Imol 

Formula mass of NaCl = 58-Samu, 

Expressed in grams = 58-59 = Imol 
Avogadro's Number: (Mardan 2019) 
Definition: “The number of particles present in 
one mole of a substance is called Avogadro’s 
number-” It is represented by N,: lts value is 
6:023 x10”. This number was determined by an 
Italian scientist Amedo Avogadro that is why it 
is called Avogadro’s number: For example: 

7 mole of H = 6-023 x 10” hydrogen atoms 

7 mole of H, = 6:023 x 10” hydrogen molecules 

7 mole H.O = 6:023 x 10? water molecules ‘ 

7 mole CO, = 6:023 x 1077 CO, melecules 
Relationship between number of moles and Avo- 
4gadro's number: 
17-00 gram. hydrogen = 1 mole = 6-023 x 10” H-atems 
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2:00 grams ‘ecboaan(el = Imole = 6:023 x 10" 
H,-molecules ; . 

72 grams carbon = Imole =,6-023 x 10” C-atoms 
18 grams water = 7 mole = 6-023 x 10” H,0-molecules 
58-5 grams NaCl = 7 mole = 6-023 x 107? ‘NaCl 
Funits ; 

SOCIETY, TECHNOLOGY & SCIENCE: 

* If there were one mole of rite gains (Ese 
i) all the land area in the whole world 
would be covered with rice to a depth of 
about 75 meters: 

One mole of rite grains is more than all the 
grains that has been arene since the begin- 
ning of time 

if a computer counts 70 million (hf £1) 
atoms per second, it will take 2-billion (» 
Up) years to count one mole of atoms- 

% Mf one mole of marbles were spread over the 
surface of earth, the earth would be cov- 
ered by a three miles thick layer of marble- 


. 4 


QI3: Define and explain gram atomic mass, gram 

molecular mass and gram formula mass- 

afer GedLir sp fured bo Sze it 
Ans: Gram Atomic Mass: ; 

' Definition: “When the relative atomic masses are 
expressed in grams then these are’ called gram 
atomic masses [mole]-” 
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Gram atomic mass of hydrogen = 1-008 grams 
Gram atomic mass of oxygen = 16 grams 

Gram atomic mass of chlorine = 35-5 grams 

One gram atom of any element is the relative 
atomic mass of that element expressed [taken] in 
grains: - 

7 gram atom of hydrogen = 1-009 = 1 mole hydrogen 
7 gram atom of oxygen = 16g = 7 mole oxygen 

7 gram atom of carbon = 129 = 7 mole carbon 

ft is clear from the above examples that one 
gram atom of different elements have different 
masses: 

Gram Molecular Mass: 

Definition: “The molecular mass of a substance 
when expressed [taken] in grams it is called. gram 
molecular mass or gram molecule of that sub- 
stance:" lt is also called mole- 

Gram molecular mass of water (H,0) = 18 grams 
Gram molecular mass of carbondioxide (CO) = 
44 grams ‘ 

Gram molecular mass of sulphuric acid = 98 grams 
Gram Formula Mass: 

Definition: “The formula mass of an jonic com- 
pound when expressed [taken] in grams, it is 
called gram formula mass or gram formula-" [t is 
also called mole: 

Gram formula mass of NaCl = 58-5qg (T-mole) 
Gram formula.mass of CaCl, = 111g (T-mole) 
Gram formula mass of MgO = 40g (T-mole) 
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Q14: How mole calculations are carried out? Ex- 


plain in detail- 
Lo vauitte dese e sGule ler 

Ans- Mole Calculations /_ Chemical Calculations: 
(Mardan 2078) 
!n chemical calculations we can calculate: 

7- Number of moles from the given mass 

2: Number of particles from the given moles 
Formulae used to find out the number of moles 
are given below: 


Number of moles (n) = 


Mass of substance (grains) 
Molar mass of the substance 
Number of particies 


Numb = 
pide males (7) Avogadro's number 


These chemical calculations are based on the con- 
version of mole into mass and mole into particles 
concept: 
7- Mole-Mass Calcilotions? 
in mole mass calculations one of the substances is 
given and the other will be calculated from the 
given data: In these calculations we can calculate 
the number of moles of the substance from the 
given mass: Similarly we can also calculate the 
mass of a substance from the given moles: 
Number of moles(n) 
_ Mass of substance (grams) 
“Molar mass of the substance 
Mass of substance = Number of moles(n) x 
Molar mass 
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EXAMPLE 1-3: Calculate the number of moles in 
60 grams of CO,- 
Solution: : 
Given mass of COz = 60g 
Molar mass of CO, = 12 + 32 = 449/mal 
Wanted = Number of moles(n) 
Using the formula: 
a Mass 
~ Molar mass 
a 
” a4 444 / mol 7m 
PRACTICE nT 18: 
How many moles are there in 90 grams of 
Solution: 
Mass of water (H.0) = 90 grams 
Molar mass of H,O = 2 + 16 = 189/mol 


= (1-364 moles) 


Number of moles of H2O = n = ? 
Using the formula: ; 
Mass 
Molar mass 


2: Mole-Particles Calculations: 

In this relationship we can calculate the number 
of moles from the given particles- Similarly if the 
number of moles are given [known] we can also 
calculate the number of particles [atoms, ions, 
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molecules,- formula units]: We know that one 

mole of any substance contain Avogadro's number 

of particles (6-023 x 1073)- The following for- 

mula is used for calculating the number of moles 

with the help of the given particles: 

Number of particles 

Avogadro's number 

_ Number of particles 

= =e 

Number of particles = Number of moles x N, 
= No-of moles x6-023 x10”? 


EXAMPLE 1-4: How many moles of hydrogen are 
there in 8:9 x 107? hydrogen atoms? 
Solution: 
Number of hydrogen atoms = 8-9 x 1077 
Number of hydrogen atoms per mole (Ng) 
= 6-023 x 107 
Number of moles(n) = 
Using the formula: 


Number of moles of hydrogen 
_ Number of atoms 


Number of moles (n) = 


Avogadro's number 
8-9 x10” 
= || = (1-48 mol 
6023x108 © a 


Practice Problem 1-6: 

(a) How many moles of CO, are there in 3-01 x 
10°?_molecules of CO,? 

ch) Calculate the number of molecules present 
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Solution: 
(a) Number of molecules of CO, = 3-07 x 1078 
Number of moles = n = ?. 
Formula used: 
_ Number of molecules 
= = gg 


7 23 
iS OIRI 294097 © (0.5 moles) 


6-023 x10?" 
(b) Number of moles = 1 = 5 moles 
Number of molecules = ? 


Formula used: 
Number of molecules = n x N, 
Number of molecules = 5 x 6- 023 x10 
= 30-115 x10” 
= (3-0115 x107" molecules) 


Sieg Henbrte ¢ Lib erin Rl ie i lt zig” @ 
af RAPS EET 
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Exercise 


Choose the correct option: 
7. Which one of the following group consist of 
elements? 
(a) Mercury, water, ammonia 
(b) lodine, tin, iron’ 
(¢) Copper, aluminum, methane 
(d) Coal, smoke, fog 
2: Whith one of the following can be broken 
down into simpler substances? 


(a) Ammonial (bh) Oxygen 
() Sulphur (d) Iron filling 
3+ Gram molecular mass of HNO; is: 
(a) 60 (b) 100 
(c) 634 (d) 98 
4 Which of these molecules is not a compound? 
(a) NO (b) Now 
() NO ‘(d) No, 


5: Which one of the following is equal to 2 
moles of water? 
(a) 7-084x10*> molecules 
(b) 6-023 x 10”? molecules 
(¢) 7-204 x 107% molecules! 
(d) 7-806 x 107" molecules 
6: A compound contains: 
(a) Different kinds of atoms mixed together 
(b) The same kind of atoms mixed together 
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bined/ 
(d) Same kind of atoms chemically combined 
7- Which one of the following is an example of 
triatomic molecule? 
(4) COM (b) 02 
Ce) CH, (d) NH; 
&- Hydrogen gas is: 
(a) Monoatomie gas 
(b) A mixture of hydrogen atoms 
(ce) A diatomic gas with each molecule made up 
of two atoms/ 
(d) A diatomic atom made up of two molecules 
9- Which one of the following compound has 
both empirical and molecular formula identical? 
(a) Benzene (C€H,) 
(b) Hydrogen peroxide (H202) 
(¢) Water (H,0)/ 
(d) Glucose (CgH,20) 
70- Which one of the following is homogeneous 


mixture? 
(a) Smoke — (b) Air/ 
(Ce) Fog : (4) $mog 
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QI: How many elements are present in eath of 

the following: — 

(4) HE and HEI (b) Co and CO 

(¢) Si and SiO, (d) POCI, and POCI, 

Ans- Hf is the symbol of Hofhium element and is 

a single element while HCl is composed of two 

elements i-e- hydrogen and chlorine: 

a) Co [cobalt] is a single element and CO [car- 
bon dioxide] contains two elements: 

b) Si [silicon] is a single element and SiOz con- 
tains two elements silicon and oxygen: 

¢) POCIl, contains 3 elements and POCI, also 

contains 2 elements i-e- phosphorus, oxygen 

and chlorine: 


Q2: Cm is the chemical symbol of curium, 
named after the famous scientist Madam Curie- 


Why was not the symbol “C, Cu and Cr" were 
used instead of Cm? 


Ans: The elements carbon, cuprum [copper] and 
chromium were discovered before curium: The 
symbol “C"” was assigned to carbon, “Cu” to 
copper and “Cr” to chromium: So when the ele- 
ment curium was discovered and prepared by Ma- 
dam Curie, the symbol “Cm” was assigned / used 
for it instead of C, Cu, Cr in order to avoid am- 
biguity (6): 
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Q3: What 
How does 


differ from the mass number? 
Ans’ Atomic Number: The number of proton 


present in the nucleus of an atom is called atom- 
ic number: It is represented by Z- 

Mass Number: The sum of the number of proton 
and neutron present in the ‘nucleus of an atom is 
called mass number: It is represented by A- 
Differences between Atomic Number and Mass 
Number: 


s Atomic Number Mass Number 


7: It is the number of |7- It is the sum of pro- 
protons or electrons in | ton and neutron in the 
an atom: : nucleus of an atom: 


3: lts value is lower 3: fts value is higher 
than mass _number- eee 
nucleon number: 


4- It is also called pro- 
5S: lt is not the identi- 


ton _nuimber- 

5: lt is the identity/ 
ty or characteristic of 
an element: 


characteristic of an 
element: 
.| 6: Modern periodic ta- 
ble is based on atomic 
number: 


Q4: Students often mix up the following ele- 
iments: Give the name for each element 
(a} Mg and Mn (b) K and P 
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(¢) Na and S$. (d) Cu and Co 


Ans- The names of the elements are: 
Mg: Magnesium Min: Manganese 
K: Kalium [potassium] P: Phosphorus 
Na: Natrium [sodium] $: Sulphur 
Cu: Cuprum [copper] Co: Cobalt 


Q5: (a) Classify the. following molecules as mo- 
noatomic, diatomic, triatomic and polyatomic 
molecules: H.O0, Nz, 55, He, HCI, COz, Ar, 
H2504, CoH 205 
(b) Classify the follewing as cation, anion, mole- 
cular ions, free radicals and molecules: C'H,, O7, 
CH;, CO, CO, Cl, Mq?, co}, 02, Na’, 
©,H;0", HO, Clo: 
Ans: 
(a) Monoatomic molecules: Ar, He 
Diatomie molecules are: Nz, HCl 
Triatomic molecules are: H,0, COz 
Polyatomic molecules are: 55, H25O0q, Cett2Og 
(b) Cations: Mq‘?, Na® 
Anions: O7, CI 
\ Molecular ions: CH,, C0, COZ, C,H,07 
Free radicals: CH, 
Molecules: CO2, Oz, H20, Clo 


Q6: Calculate the number of moles of butane 


(C,H,o) in 151 grams of butane: Atomic masses: 
C=12, H = lamu 
Solution: Mass of butane = 757 grams 
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Molar mass of butane = Catto 
= (12x4) + (1x10) = 589/mol 
Number of moles of butane = n = ? 


Formula used: 
Mass 
~ Molar mass 


157 
eu = | 2-603 moles 
” 584 / mol 


Q7: What is the mass of 5-moles of ite? Atom- 


i¢ mass of H = Tamu, O = 76amu- 


Number of moles of ice (H20;..) = 5 moles 
Molar mass of ite (HzO) 

= (2x1) + (1x16) = 18 g/mol. - 

Mass of ice = ? 


Formula used: 
Mass 


: Molar mass 
Re-arranging 
Mass of ite = Number of moles of ice x Mo- 
lar mass of ice 


; 5 motes x18 
Mass of ite = ~ZORS *'°9 . 
notes 


Q8: Calculate the number of molecules in 6-50 
mole of CH,: 


Solution: 


Number of moles of CH, = n = 6-50 moles 
Avogadro’s number = N, = 6-023 x 1072 
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Number of hiolecales 
Formula used: 


Number of moles of methane 
_ No-of molecules of CH, 


Avogadro's number 
No- of molecules of CH, = No: of moles of 
methane x N, 


uw 
-) 


= § x6-023 x10” 
30-115 x 1073 molecules 
(3-0115 x 107" molecules) 


ie 


AS 99: Calculate the weorsse atomic mass of ii 


thium from the following data: 


lsotopes Natural Relative atomic 
abundance % mass (amu) 


7-50 6-O151 
92:50 77-0160 


Solution: 


Average atomic mass 
_ (6-O151 x 7-50) + (7-0160 x 92-50) 


700 
_ 49-113 + 648-98 


700 
piBIOIS: i ae 


7oo0 


QI0: Calculate the mass of 6-68 x 10” mole- 
cules of PCI: 


Solution: 
Number of molecules of PCl,; = 6-68 x 107 
Molar mass of PCl, = (1x 31) + (3.x 35-5) 
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= 31+ 106-5 = (137-5) 


Number of moles = (n) = Marof  tobleciles oF motets 


a 
_ 6-68 x 107? 
(7-109 moles) 
Mass of PClz = n x molar mass 

= 7:709mole x137-59:mol 


= (152-48 grams) 


= 1109798 


" 


Long Questions 


QI: State and explain with examples: 


(4) Empirical formula of the compound 
(b) Molecular formula of the compound 
Ans: Please see question # & 


Q2: What do you understand by the term mole 
and Avogadro's number? Explain with suitable 
examples: 


Ans: Please see question # 12 


Q3: (a) Compare and contrast a mixture and a 
compound: Give examples of each of them- 


(b) How will you classify molecules? Support 
your answer with at least two examples of .each- 


Ans: Please see question # 5 for part-a and see 
question # 77 for part-b- 


Q4: (a) What is the molecular mass of a com- | - 
pound? How will you differentiate it from for- 
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mula mass? 
(b) Calculate the molecular mass or formula 
mass, as the case may be of the following com- 


pounds in amu: (i) Benzene [C;H,] (ii) Ethane 
gas [C,H] (iii) Aluminum chloride [AICL] 

(iv) lron oxide [Fe,03] 

Ans: 

(a) Molecular Mass: The sum of the relative 
atomic masses of all atoms present in a molecule 


is called molecular mass- Molecular mass means 
mass of a single molecule: lts unit is amu: For 
example; 
Molecular mass of H,O . 
= (1x2) + (16x1) = 2+76 = 18 amu 
Molecular mass of CO2 
= (2x1) + (16x2) = 12 + 32 = 44 amu 
Differences between Molecular Mass and Formu- 
la Mass: 
Molecular mass is different from formula mass 
because molecular mass is the sum cf the relative 
atomic masses of all atoms present in a molecule 
while formula mass is the sum of the relative 
atomic masses of all atoms present in the formu- 
la unit: 
Examples of Formula Masses: 
Formula mass of NaC] = 23 + 35:5 = 58-5 amu 
Formula mass of CaCl, 
= 40 + (35-5x2) = 40 + 71 = Ti7 amu 
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(bh) (i) Benzene-» C,H, 
. (6 x12) + (6x1) = 72 +6 = 78 amu 
(ii) Ethane gas> C,H, 

(2x12) + (6 x1) = 2446 = 30amu 
(iii) Aluminum chleree+ ici 

(1x27) + (3x35:5) 

= 27 + 106-5 >133‘5amu 

(iv) tron oxide Fe,0,: (2x 56) + (3x16) 

=> 112 + 48 => 160amu 7 


Q5: (a) Find out the number of protons, elec- 
trons and neutrons in the following elements: 


Ans: 


At-No- Mass’ Protons’ Electrons , Neutrons 


26 
62 
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STRUCTURE OF ATOM 


Introduction: (Mardan 2079, Abbottabad 2079) 
The or atom is derived from the Greek word 
“a&topos” [atamos] which means uae 
ous /iiaivisivie 

The universe is made up of three things, matter, 
energy and space’ Matter is composed of very 
small particles called atoms: This concept of mat- 
ter was known to ancient (fa) philosophers like 
Democritus [400 BC] in Greece: 

In the early 79" century in 7808, it was “John 
Dalton, an English school teacher, who after a 
series of experiments concluded that all matter is 
composed of tiny [small] particles which are like 
solid balls and cannot be further divided He 
called these indivisible particles as atoms: He pre- 
sented his theory under the title “A new system 
of chemical philosophy”: 


QI: Write down the main points of Dalton. 
atomic theory: : 


Ans» Main Points of Dalton Atomic Theory: 
(Kohat 2079) 


7; Matter is composed of very small particles 
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called atoms: 

2: Atoms can neither be created nor destroyed: 

3: Atoms of the same/particular element are 
identical (£41) in size, shape and mass- 

4+ Atom is an indivisible (e st) particle 

5: Atoms of different elements are different in 
size, shape, mass and other properties: 

6- Atoms combine with each other in small 
whole number ratio [H,O, 2:1, NH3, 1:3 etc] 
to form molecule: 


7: All chemical reactions are due ta combination 

or separation of atoms: 
Changes in Dalton’s Atomic Theory: 
At the end of the 19% century, Dalton’s theory 
was modified (tS 7) The changes in Dalton’s 
theory mostly concerned the nature, composition 
and structure of atom: 

1 According to modern research atom is divisi- 
ble particle because atom is further com- 
posed of electrons, proton and neutrons: 

2: Atoms of the same element can differ in 
terms of their atomic masses such as iso- 
topes: : 

HH = GH, oH, oH 
Element  Protium Deutrium Tritium 


3: The ratio between atoms in some organic 
compounds is not simple: For example: Vita- 
min-A, CogttygQ, Vitamin Bio: CogtssQr4NigPCO- 
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4. Atoms can be bibateds can be made artifi- 
cially and can be converted to other atoms 
[transformation of atoms]: 


atomic model [Discovery of nucleus]- 

Ans: In 19117, Lord Rutherford a New Zealander 
scientist carried out an experiment in order to 
know the arrangement of electrons and protons 
in an atom: ‘ 

Rutherford Experiment/ Discovery of Nucleus: 
(Peshawar 2019, Bannu 2079) 
Rutherford performed an ex- 
periment to determine the 
internal structure of the 
atom in 1977- 

Rutherford bombarded a very 
thin Gold foil [0-00004em 
thick] with alpha (a) par- 
ticles- Alpha particles were 
obtained from a radioactive metal- A Siacierter: 
ic plate was placed behind the foil, in order to 
observe the extent of scattering of a — particles: 
Instead of photographie plate zine sulphide [ZnS] 
fluorescent screen can also be used- whenever an 
alpha particle struck the sereen, a flash of light 
was produced on that point: 

Observations: 

He bombarded the gold foil with approximately 
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20000 alpha particles 

7- Most of the «-rays [79,990 rays] were 
passed straight through the gold foil un- 
deflected: 

2: Some a -particles [8-particles] were def- 
lected through smaller angle- 

3- Very few a-particles [2 in 20,000] 
were bounced back at their original path: 


Photographic film of 
Luminescent screen 


Lead container 


Lead container 


Palonium 


Conclusion: 

Rutherford concluded that an atom must contain a 
heavy and positive portion i-e- nucleus in the cen- 
ter of the atom So a — particles passing near this 
portion were repelled because o — particles carry 
double positive (++) charge: He called this heavy 
central portion as nucleus which is from Latin word 
“nux” means nut (2s/i)- 

% If a- particles pass very closely to nuc- 
leus, they deflect through large angles: 
Similarly if they do not pass, close to 
nucleus, they either get deflected through 
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very small angles or do not deflect at all- 
% On the basis of his conclusion, he proposed 
a new model of atom called planetary mod- 
el similar to the solar system- ‘ 
Main Points of Rutherford’s Atomic Model: 
(BISE Malakand, Mardan 2018, Peshawar 2019) 
7- Atom consists of positively charged central 


portion called nucleus: lt contains protons 
and neutrons: 

2: Electrons are revolving around the nucleus 
with very high speed: 

3- The attractive force of the nucleus on elec- 
tron provides centripetal force to the elec- 
tron, due to whith it moves in a circular 
path- 

4- The size of the nucleus is very ‘small as com- 
pared to the size of the atom: The diame- 
ter of the nucleus is about 10,000 times 
less than the diameter of the atom: 

5: Major portion of the atom is empty (db): 

6: Atom is neutral as the number of electrons 
is numerically-equal to that of protons: 


7: Nucleus is responsible for mass and energy of 
the atom: 

Defects _ in Rutherford's Atomic Model: 

7: Rutherford’s atomic model is based on the 
laws of motion and gravitation which are ap- 
plicable to neutral bodies and not to the 
charged bodies- 


lotes, Old Papers, Home Tutors, 
(Page 59 of 330) 


For more notes & academic material visit our Website or install our Mobile App 
Website: www.downloadclassnotes.com Mobile App: bit.ly/DCNApp 


CHEMISTRY NOTES FOR 9" CLASS (FOR KHYBER PAKHTUNKHWA) 


2: According to Maxwell theory, electrons being 
tharged bodies, revolving around the nucleus 
should emit energy continuously and should 
fall into the nucleus- 

3: If electrons radiate 
energy continuously, 
then continuous 
spectrum will be ob- 
tained but actually 
line spectrum is ob- 
tained: 

4: lt does not provide any explanation about 
the chemical properties of elements: 

S: ft does not explain the arrangement of elec- 
trons around the nucleus: 

6: lt does not give explanation about the 
structure of an atom: 


THe electron 


Continuous Spectrum: 

A spectrum in whith there is no visible boundary 
between adjacent coloured lines is called a conti- 
muous spectrum: 

Line Spectrum: 

A spectrum in whith there is. visible boundary 
between adjacent coloured lines is called line 


Spectrum: 


Continuous Spectrum Line Spectrum 
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Q3: Explain Bohr atomic medel- (Mardan 207 
Swat 20719 


Ans- in order to remove defects in Rutherford's 
atomic model, Neil Bohr in 7913 proposed a new 
model of hydrogen atom- Bohr was a Danish phy- 
sicist- His model was based on Planks quantum 
theory of radiations: He assumed that the elec- 
_tron could not have any energy rather it was re- 
stricted to a particular set of energy values, 
whith are better known as energy levels / shells / 
orbits: It means that the energy of electrons is 
fixed- 

Main Points: 

7. Electrofs are revolving around the nucleus in 
fixed circular paths called orbits / shells- 
Each orbit is associated with a definite 
amount of energy: [Orbit has a fixed energy] 

2: The energy of electrons in an orbit is direct- 
ly proportional to its distance from the nuc- 
leus- The farther Us3) the electron from the 
nucleus, the higher will be the energy and 
vice versa (Au£u0- 

3: As long as electron revolves in its own orbit, 


it does not emit or absorb energy: 

4: When an electron gains energy, it moves 
from lower energy level to higher energy lev- 
el- [Energy of the orbit is fixed] 

S:- When an electron release energy it comes 
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back from higher energy level to lower energy 
level: 
6- Energy is absorbed or released in the form of 
light radiations, whose frequency is directly. 
' proportional to the energy difference be- 
tween the. two orbits: 


AE xv 
AE =hv 
E,-E,=ho 
Where, E, = energy of higher orbit 


E, = energy of lower orbit 

h = Plank’s constant [h = 6-626 x 10 
34 J-second] 

v= frequency of the emitted or absorbed 
radiation by electrons : 

AE = energy difference between the two le- 
vels : 
7: The angular momentum [mvr] of an electron 


is an integral multiple of ee 
2a 


myr = ~— 
ir 


Where, m = mass of electron 
v = velocity of an electron 
r = radius of the orbit in 
which electron is revolving 
n= number of shell = 7,2,3... 
h = Plank's constant 
2n = Constant 
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The orbit defined by Bohr is also called a shell or 
energy level- These are represented by alphabets K, 
L, M,N, O, P, Q The electrons present in K-shell 
(n = 1) have the least energy and it is nearest to 
the nucleus: The next shell is L (n = 2), whith is 
higher in energy than K-shell and so on: 


Q4: What is the importance of Bohr's model? 


Ans: Importance of Bohr’s Model: | 
7. It is used to calculate radius of an orbit- 


2: It is used to calculate energy of the orbit: i 
3: It is used to calculate frequency of the 
emitted radiations 
4- Used to calculate energy difference between 
the two orbits: 
5: Used to calculate wave number of the emit- 
ted or absorbed radiations: 


mental particles of an atom- 
Ans: According to the latest research an atom 
consist of more than 100 subatomic particles- 
Three subatomic particles electron, proton and 
neutron are very important to the chemists: 
These particles are called the fundamental par- 
ticles of an element: 
Electron: 

7. We is negatively charged particle- 

2: Its mass is equal to O-O00SSamu- 

3- Hts mass is equal to 9-17 x 10°"kg- 
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4: Charge on electron is equal to 7:6022 x 10° 
9¢. 

5: Electrons are revolving around the nucleus: 

6: {& has unit negative charge (-1) 

7 Electrons being light particles are revolving 
around the nucleus: 


Proton: 
7- It is positively charged particle- 
2- Its mass is equal to 1-0073amu- 
3: fts mass is equal to 1-67 x 10°77kg: 
4- Charge on proton is equal to 1-6022 x 10 
coulomb: 
5: 1 has unit positive charge (+1)- 
6- lt is 1837 times heavier than an electron: 
7: Protons are present in the nucleus: 
Neutron: 
7 Neutron is neu- 
tral/chargeless particle 
2: Its mass is equal to 
7-0087amu- 
3- ts mass is equal to Nucleus 
7-68 x 1077kg- 
4- It is 1842 times heavier -than an electron: 


5: Neutrons are present in the nucleus 
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Summary of the Sub-Atomic Particles 
charge | (C mass Kg 
Electron oooess am | 39-1110” 
Proton | p* +7 1602240" | 9007344 | 7.671077 
Neutron | n° ) oO O0087arru | 1.69907 


Q6: Define electronic configuration: Explain the 


shell electronic configuration according to Bohr’s 
2 formula: 


Ans» Electronic Configuration: (Peshawar 2079, 
Kohat 2019) 


“The distribution of electrons in shells around 
the nucleus is called electronic configuration-” 
Electrons are distributed according to the rule 
2° (Bohr's farmulaj]: Where “n” is the number 
of orbit- The orbits are numbered as 
7,2,3,4,5,6,7,.... 
These orbits are represented by K, L, M, N, O, 
P, Q, ete letters/ alphabets: 
2r° 
Total number of electrons in 7° shell 
= 2x7? =2x7=2 
Total number of electrons in 2” shell 
= 2x27 =2x4=8 
Total number of electrons in 3" shelf 
= 2x3? =2x9=18 
Total number of electrons in 4" shelf 
= 2x4? = 2x16 = 32 
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Total number of electrons in 5% shell 
: = 2x5%=2x25 = 50 
Total number of electrons in 6% shell 
= 2x67 = 2x36 =72 
EXAMPLES: Write down the electronic confiqura- 
tion of the T° 15 elements of the periodic table: 


H' [1] =K=1 

He? =K=2 

LPf3sy=K= 2, Leal 

Bet =K=2 , b=2 
BP(sp=K=2 , Le? 
Cf6y=K=2 , L=4 

M7] =K=2 S53 

Of8] =K=2 , %lb=6 

AQ] =K=2 » b=7 
NeffOJ=K=2 , L=8 
NafifP=K=2 , L=8 M=T 
Meff2}=K=2, L=& M=2 
ANIZ] =K=2 , L=& M=3 
SfT4]=K=2 , L=&& M=4 
Psy =K=2 , L=B M=5 


Q7: Explain the concept of sub-shells and orbit- 
als: ; 


Ans: Shell / Orbit: 

Definition: “The circular area around the nucleus 
where probability [chances] of finding electrons is 
maximum is called a shell / orbit-"” Each shell is 


described by “n” value. “n” can have values 
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7,2,3,4,5,... As the value of “n” increases, shell 
number increases: The distance of electron from 
the nucleus and energy of electrons also increases’ 
Sub-Shell / Sub-Orbit: 

Definition: “A group of orbitals of the same 
energy is called a sub-shell-” Latest researchers 
shows that shells are composed of sub-shells and _ 
sub-shells are. further composed of orbitals: 

1 shell consists of only one sub-shell, known as 


s-sub-shell- 
2” shell consists of two sub-shells, known as s- 
sub-shell and p-sub-shell 
3% shell is composed of three subshells known as 
s-subshell, p-subshell and d-subshell- : 
4" shell contains four subshells known as s- 
subshell, p-subshell, d-subshell and fsubshell- 
There are four  subshells- Subshells are 
represented by s, p, d and f symbols: These are 
spectroscopic terms which stands for... 

$s = sharp P = principal 

d = diffused f = fundamental 
Maximum number of electrons whith a subshell 
can accumulate: 

s=2,p=6,d=10, f= 14 


Shell  Sub-shells Representation 


Visit www.downloadclassnotes.com for Notes, Old Papers, Home Tutors, Jobs, IT Courses & more. 
(Page 67 of 330) 


For more notes & academic material visit our Website or install our Mobile App 
Website: www.downloadclassnotes.com Mobile App: bit.ly/DCNApp 


CHEMISTRY NOTES FOR 9 CLASS eens KHYBER PAKHTUNKHWA) 


Electrons Maximum es can 
accumulate 
2 
2+6 
2+6+ 710 
2+6+10+ 
74 
2+6+70+ 
14 + 18 


5:P 
5,p,d 
spd, ft 
5,P:4,69 


Orbital: (Kohat 2079) 

Definition: “The three dimensional space around 
the nucleus where probability of finding electrons is 
maximum is called an orbital-” An orbital can ac- 
cumulate just 2-electrons: 7 s-subshell has only 
one orbital which is “s": le means that “s” is sub- 
shell as well as an orbital: p-subshell has three or 
bitals—> px, py, pz: d-subshell has five orbitals 
dxy, dyz, dxz, dx,y, dz*- fsubshell has seven or- 
bitals and has complicated names and shapes- 
Shapes of Orbitals: 

Shapes of s-Orbital: s-orbital has spherical shape: 
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lt is denoted by a circle (O)- lt consists of one 
lobe only with no node- 

Shape of p-Orbitals: p-orbitals are of three types, 
px, py and pz: These are along three axis) P- 
orbitals have dumb-bell shapes- Each p-orbital has 
two lobes, one on each side of the nucleus/ node- 


Shapes _of d-Orbital: 

d-orbitals have 

double dumb-bell |~ 2 
shapes i-e- having px py pz 
four lobes: 


Sub-shells Electronic Configuration: 
Write down the electronic configuration of 1 
eighteen elements of the periodic. table- 


Symbol At-No- K(1) L(2- M(3-shell) 


ie a 
Ho |i 
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Ar = Js*, 2s, 2p>, 357, Sp® 
The increasing order of energy of sub-shells be- 
longing to different shells is given below: 

Is < 25s < 2p < 3s < 3p < 4s < 3d 
The electrons are accommodated in the different 
energy levels by using AUFBAU principles: 
AUFBAU Principles: 
Aufbau is a German word which: means building: 
“Electrons are put into various sub-shells in the 
order of increasing energy values”: The order of 
increasing energy values is given below: 
Is < 2s < 2p < 3s <3p< 4s < 4p < Ss < 4d< Sp... 

TEST YOURSELF 

(i) Sodium has 11 protons and 12_neutrons: 
Write the electronic configuration of Na-atom: 
Ans: As sadium atom has 17 protons so there 
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must be 17 electrons because atom is electrically 
neutral: Due to the presence of 17 protons its 
atomic number will be -17- 

a!: 152, 23%, 2p%, 3! 
(ii) Potassium has the electronic arrangement of 
2,8,6,7 

(a) What is its proton number 
’ (b) Draw its electronic structure: 

Ans: (a) From the electronic palin it is 
clear that potassium has total 
of 79 electrons (2+8+8+1=19) 
so there will be 19 protons also- 
Ans (b): Electronic structure 
will be: 

K=2,L28,M=28N=7 
1s?, 232, 2p®, 35°, 3p®, 49 
(iii) Write the electronic configuration of N, P, Ar- 
Ans: N’: 1s?, 237, 2p? 
PS: 18°, 2s?, 2p®, 3s*, 3p? 
Ar®; 152, 25%, 2p8, 3s, 3p® 


Q8: What are isotopes? Explain the isotepes of 


hydrogen, carbon, chlorine and uranium: 

(BISE Malakand 2018) 

Ans: Isotopes and Isotopy: Iso = same, tope = place 
(8ISE Mardan 2018, Abbottabad 2019, Bannu 2079) 
Definition: “Atoms of the same element having 
the. same atomic numbers but different mass 
numbers are called isotopes and this phenomenon 
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is called isotopy-” 

Soddy was the first scientist who discovered this 
phenomenon’ As they occupy same place [one 
place] in periodic table so these are called iso- 
topes: As isotopes have the same atomic numbers 
fe same number of electrons so they have the 
same chemical properties: The difference in mass 
of an atom in an element is due to the differ- 
ence in number of neutrons: lt means that iso- 
topes possess different physical properties: 

From the above discussion it is clear that iso- 
topes can also be defined as “atoms of the same 
element having the same nutnber of electrons and 
protons but different number of neutrons are 
called isotopes:” 

Isotopes can also be defined as “atems of the 
same element having the same chemical proper- 
ties but different physical properties are called 
isotopes-” 

Isotopes of Hydrogen: (BISE Mardan 2078) 

The atomic number of hydrogen is 7- lt has three 
isotopes, namely protium GH'), deuterium (D') 
and tritium (,7'), with atomic masses 1, 2 and 
3- The difference lies only in the number of nmeu- 
trons- Protium has no neutron and its mass is 
only due to proton: so it has got the name of 
protium: Protium is the most abundant isotope 
[99-985%] while deuterium is about O-015% and 
tritium is very rare in nature: 
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Atomic number = 7 


Mass number = 1 


Proton = 7 
Electron = 7 
Neutron = 0 


(ii) Deuterium (2D'): 


Atomic number = 7 


Mass number = 2 
Proton = 17 
Electron = 7 
Neutron = 7 


(iii) Tritium (,T): 
Atomic number = 7 
Mass number = 3 

Proton = 7 
Electron = 7 
Neutrons = 2 

Due to the presence of same number of valence 
electrons, these isotopes have the same chemical 
properties: Their” physical properties like melting 
point and boiling point are different: Differences 
in physical properties of oxides of protium and 
deuterium: 


S:No Property 
Molecular mass 


(ama) 
Density at O°C 
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(gem?) 
Melting point 


Boiling point (C 
Isotopes of Carbon: 
The atomic number of carbon is 6: It is 
represent in IVA group and 2” period: There are 
three isotopes of carbon in nature: C-12, C-13 
and C-14- 
ne: 
Atomic number = 6 
Mass number = 12 
Protons = 6 ; 
Electrons = 6 


Neutrons = 6 


pe: 
Atomie number = 6 
Mass number = 13 
Protons = 6 
Electrons = 6 
Neutrons = 7 d 
rie 
Atomic number = 6 
Mass number = 14 
Protons = 6 é 
Electrons = 6 a 
Neutrons = & 
Isotopes of Chlorine: 
The atomic number of chlorine is 77: It is 
present in VHA group and 3% period: There are 
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two isotopes of chlorine in nature CI-35 and Cl- 
37: The natural abundance of CI-35 is 75-53% 
and that of Cl-37 is 24-47%: 
as": 
Atomic number = 17 
Mass number = 35 
Protons = 17 ce 
Electrons = 17 
Neutrons = 20 
%age = 75-53 
Gl: 
Atomic number = 77 
Mass number = 37 — 
Protons = 17 
Electrons = 17 
Neutrons = 18 
fage = 24-47 
isotopes of Uranium: 
The atomic number of uranium is 92- There are 
three isotopes of uranium in nature, U-234, U- 
235 and U-238- Uranium-234 is about 0-05%, 
uranium-235 is about 0-75% while uranium-238 
is the most abundant 99-245% in nature- 
2aql™: 
Atomic number = 92 
Mass number = 234 
Protons = 92 
Electrons = 92 
Neutrons = 742 
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Atomic number = 92 

Mass number = 235 
Protons = 92 
Electrons = 92 
Neutrons = 143 

2aglP?: 

Atomic number = 92 

Mass number = 238 
Protons = 92 


Electrons = 92 
Neutrons = 146 


SOCIETY, TECHNOLOGY & SCIENCE 
Dating: Estimation (hits) of the age of the 
plant and animal remains by measuring the 
amount of radioactive decay products is called 
chemical dating or carbon dating: A more recent 
method involves the use of radioactive isotope 
C-14- This method is used in the study of deep 
sea sedimentation, dates of volcanic and glacier 
activity: The age of a uranium containing mate- 
rials can be determined by measuring the per- 
centage of lead formed as a result of disintegra- 
tion (tne XeF) of uranium: 


Q9: Write down the uses of isotopes: 


Ans: Uses of Isotopes: (8ISE Mardan, Swat 2079) 
Isotopes are mainly used in chemical, agricultural 
(ud) and medical research (2 wf) for diagnosing 
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(4) and treatment of diseases- 

7. fodine-137 [5,l"'] become concentrated (tnt) 
in the thyroid gland and is used as cure Gk) 
for goiter (f)- : 

2: lodine-723 [53l'°°] is used for brain imaging: 

3: Deuterium heavy carbon [C-713], heavy ni- 
trogen [N-15], heavy oxygen [O-18] and 
iodine-731 [g3l"'] are being used as tracer 
elements in biochemical and physio-chemical 
researth to trace the path of the element 
to the defective or obstructed (6) part: 

4- Radium irradiation and cobalt-60 [Co®°] are 
used,in the treatment of cancer and for di- 
agnosis of tumors (r.)- 

5: Sodium [Na-24] is used for the identification 
of blood circulation problems in patients: 

6- Carbon-T4 is used to trace the path of car- 
bon in photosynthesis: 

7 Americium-247 is used in smoke detectors- 
ft is also used to determine that in which 
place oil wells should be drilled: 

&- Californium-252 is used to measure the 
moisture content of soil in road construc- 
tion and in building constructions: lt is also 
used to inspect airplane luggage (wit) for 
hidden explosive G2 Sie» +): 

_ 9 Krypton-8S is used in electrical cloth washers ; 
to measure the dust and pollutants level — » 
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Exercise 


Choose the correct option: 
7) The maximum number of electrons in 3° 
energy level is: 


(a) 10 (b) 184 
(¢) 32 ¢d) 64 
2- Mass of an atom is mostly due to its: 
(a) Nucleus/ (b) Neutron 
(¢) Electron (d) Proton 


3: If Rutherford had used neutrons instead of 
a —particles in his scattering experiment the 
néutrons would: , 
(a) Not deflected because they have no 
charge-S 
(b) Have deflected more often: 

(¢) Have been attracted to the nucleus easily 
(d) Have given the same result: 
4- Electron in its ground state does not: 
(a) Spin “ (b) Revolve 
(¢) Radiate energy’ (d) Reside in orbit 

5: Which statement about .X* and .¥" is false? 
(a) They are isotopes 
(b) They are the same elements 
(¢) They have the same number of electrons 
(d) They have the same number of neutrons/ 

6: The neutron particle: ' 

(a) Has a mass equal to that of electrons 
(b) Has a mass approximately equal.to that 
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of proton! Mie 
(¢) Has charge equal to but opposite in that 
of an electron 
(d) Has a positive charge 
7: Isotopes of the same element have: 
(a) The same number of protons! 
- (b) The same number of neutrons 
(c) Different number of electrons 
(d) The same mass number 
& Which one is the lightest? 
(a) An alpha particle 
(b) A hydrogen atom 
(¢) Aa electron’ 
(d) A proton 
9- The nucleus of an atom has all of the fol- 
lowing characteristics except that it: 
(a) is positively charged (b) is very dense 
(¢) Contains nearly all of the atom's mass 
(d) Contains nearly all of the atom’s volume/ 
10: L-shell has sub sub-shells: 
(a) s (b) s and pv 
(c) s, pandd (d) s, p, d and f 
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| 


QI: Aluminum is represented as ;,AP’- Draw the 


structure of aluminum: Write its electronic con- 
figuration: 


Ans- The electronic structure of 
aluminum is: 
[AP] = K=2,L28&M=3 
The sub-shell electronic configura- 
tion of aluminum is: : 
AF = 137, 2s?, 2p®, 35°, 3p’ 


Q2: The energy of an electron in K and L shells 
is the same or different? Explain: 


Ans- According to Bohr’s atomic model, the energy 
of the electron in an orbit is directly proportional 
to its distance from the nucleus: It means that 
the farther (si) the electron from 
the nucleus, the higher will be the 
energy and vice versa: 

As we know that K-shell is close © 

to the nucleus so electrons 

present.in K-shell will have low 

energy: Similarly L-shell is far from the nucleus 
so electrons present in L-shell will have high 
energy: In nut shell the energy of an electron. in 
K and L-shells will are different- 


L 
K 


Q3: Draw the structures of hydrogen isotopes: 
Ans: The structures of isotopes of hydrogen are 
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given below: 


Protium(,H')  Deutrium(,H*} ‘Tritium (,H’) 


Q4: How many electrons are present in each of 


the following atoms? Assuming that each is a 
neutral atom, identify the element- 

(a) 18°, 257, 2p®, 387 

(b) 18, 25%, 2p®, 35%, 3p? 

¢) 18%, 25%, 2p®, 35%, 3p®, 452 


Ans: In the above examples, the superscript 
represents the number of electrons in the sub- 
shells) Their summation will give the total num- 
ber of electrons in that particular element- 
As we know that the total number of electrons 
in atom is equal ta its atomic number, so from 
the value of atomic number, its. symbol can be 
easily find out in periodic table- 
a) 18, 282, 2p8, 3s?, 3p> (2+2+647 = 77) 
Eleven is the atomic number of sodium (Na) 
b) 1s?, 2s?, 2p®, 3s*, 3p? (242464245 = 17) 
17 is the atomic number of chlorine (CL) 
c) 7s*, 2s, 2p®, 357, Bp, 457 (24246424642 
= 20) : ; 
20 is the atomic number of calcium (Ca): 
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Q5: Why an atom is considered as neutral par- 
title? Give reason(s): : 


fins: Atom is considered as a neutral particle be- 
cause the number of protons (positive charge) is 
equal to the total number of electrons (negative 
charge): 


| Q6: The mass of an atom is present in its nuc- 
leus? Can you explain? 


Ans» We know that the two heavy sub-atomic 
particles protons and neutrons are present in the 
nucleus [Rutherford’s experiment]: A proton is 
7837 times heavier than an electron and neutron 
is 1842 times heavier than an electron- These 
two reasons give us proof that nearly total mass 
of an atom is present in its nucleus: 


Q7: What is the reason that physical properties 
of isotopes are different but their chemical 
properties are the same? 


Ans» We know that chemical properties depend 
upon the total number of electrons present in the 
valence shell of an atom: As isotopes have the 
same number of electrons so these have the same 
chemical properties: Isotopes have different number 
of neutrons so these have different physical prop- 
erties (different masses): 


Q&: Draw the structure of carbon isotopes: : 
Then write down the number of proton, neu- 
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tron and electrons: : 5 


Alas: Please see question # &- 


Q9: How many electrons could be contained in 
the K, Lb, M and N-shells? 


Ans: Maximum number of electrons in an orbit can 
be find out by 2° formula: Shells are represented 
by numbers and letters i-e-. 7, 2,°3, 4, 

K, b, M,N 
Number of electrons in K- 
shell: 2x7? 
Number of electrons in L(2)- 
shell) 2x2? = 8 
Number of electrons in 
M(3)-shell: 2x3? = 18 
Number of electrons in N(4)-shell: 2.x 4? = 32 


QI0: Write detailed electronic configuration of 


Li-3, C-6 and Mg-12- 


Ans- The electronic configuration of Li, C, Mg is 
given below: : 
LP = Is, 23 OR (LP =K=2,L=7] 
C= 1s, 2s, 2p? OR [O=K=2, b= 4] 
_ Mg? = Ts?, 2s, 2p, 33 
OR [K=2, L=& M=2 
QI: Write the symbol for an isotope- 
(4) Containing one proton and two neutrons 
(b) For whith the atomic number is one and 
there is one neutron? 
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(Q) For whith the atomic number is one and 
the mass number is also one? 


Ans: 
(4) ,H’ or ,T’ 
(6) H’ or ,D' 
(¢) ,H’ 


Long Questions 
QI: Why Dalton’s atomic theory is considered as 
a base for modern atomic concept? 


Ans: Dalton’s atomic theory provides a base for 
modern atomic concept: For the first time he 
explains the composition of matter and said that 
matter is composed of small indivisible particles 
called atoms: So he gives the concept of atom as” 
a basic unit of matter. Later on scientists 
worked on atom and proved experimentally that 
atom is. further composed of two parts (nucleus 
and extra nuclear part/shells) [Rutherford’s ex- 
. periment]: According to latest researches atom is 
further composed of more than hundred sub- 
atomic particles’ Modern scientists also worked 
on that it is further composed of sub-shells and 
orbitals- 
From the above discussion it is clear that it was 
John Dalton’ who provides a base for modern 
atomic concept, as he presented his theory about 
the existence of atom: 
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Q2: Summarize Rutherford's model of an atom 
and explain how he developed this model based 
on the result of his famous gold foil experi- 
ment? 
Ans: Lord Rutherford a New Zealander scientist 
did experiment to explain the structure of an 
atom: He bombarded a very thin gold foil with 
a —particles: He observed that most of the a - 
particles were passed straight through the gold 
foil undeflected from this he concluded: That 
most of the space of atom is empty: 

Few rays were deflected at large angle and very 
few were bounced back on the original path- 
From this he concluded that atom has a central 
massive positive portion which caused the deflec- 
tion and bouncing backing of the a -particles- 
Remember that a-particles ‘carry positive 
charge: He called this ‘central massive and posi- 
tively charged portion as nux [Latin] “nucleus”: 
So he discovered nucleus: He also concluded from 
his experiment that nearly total mass of the 
atom is concentrated in the nucleus: It is because 
only a heavy portion can bounce back the a - 
particles: 


Q3: State the postulates [points] which Bohr 


suggested to overcome the shortcomings of the 
Rutherford's atomic model? 


Ans: In order to remove defects in Ruthertord's 
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atomic model Bohr suggested the following 
- points: : 


7- Electrons are revolving in fixed circular 
paths called orbits- 

2: When an electron revolves in its own orbit, 
it does not emit or absorb energy, it means 
that energy of an orbit is fixed: 

3: Electron will leave its own orbit when it 
gain or lose energy: 

4. Positively charged nucleus provide centri- 
petal force to electrons, which compel Ck | 
t/) them to move in circular path 


Q4: Complete the following table for neutral 
atoms of specific isotopes’ - i 


Isotopic At-No MasNo No- of No-of No-of 
Symbol Protons Electrons Neutrons 
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Isotopic At-No- Mass'No No: of  No-of No-of 
Symbol Protons Electrons Neutrons 


QS: Define energy level and sub-energy level: - 


Ans: Enerqy Level / Shell / Orbit: 

“The circular region around the nucleus where 
chances of finding electron is maximum is called 
energy level-” 

Sub-Energy Level /Sub-Orbit/Sub-Shell: 

“A group of orbitals of the same energy is called 
a sub-energy level-” For example: 

The division of shell is called sub-shell 


P —, Px, Py, Pz 


Subshell Orbitals of the same energy 


Q6: Explain the distribution of electrons in vari- 


ous energy levels and sub-energy levels for 1* 
four elements of periodic table- 
Ans: Electronic distribution of first four elements 
of periodic table is given below: 
H-T K=7 y As 
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000 


“Good relations are just like water, no colour, no 
shape, no place, no taste but still very very impor— 


tant for life.” 
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PERIODIC TABLE OF 
ELEMENTS & PERIODICITY 
OF PROPERTIES 


lntroduction: 

In. the year 1800, only thirty four [34] ele- 
ments were known: By the year. 1870 this num- 
ber increased to almost double and in the year 
7974, the number of elements was 105- Recently 
778 elements are known: Qut of 7178 elements 92 
are natural and the remaining have been made 
artificially: ‘ 

When the number of elements was limited so it 
was easy for chemists to study these elements 
individually: But as the time passed, the number 
of elements increased, so it became difficult for 
the chemists to study each element individually: 
@ need was felt that the elements. must be 
properly arranged so that they could be easily 
studied By arranging elements one can get max- 
imum informations with minimum efforts: A 
number of attempts were made from time to 
time to arrange the elements with similar prop- 
erties into groups: 

Classification: 

“The arrangement of similar elements into one 
‘group and to separate them from different ele- 
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ments is called classification 
7- Al-Razi Classification: 
Al-Razi classified the then known elements -into 
metals and non-metals- This classification was 
failed because there were some elements which 
possess both the properties of metals and non- 
metals: These elements are called metalloids- 

2+ Dobereiner’s Triads: 

In 1817, J-W: Dobereiner a German physicist ar- 
ranged chemically similar elements in groups of 
three on the basis of their atomic masses: He 
called these groups as triads: In a triad, the av 
erage of the atomic masses of the I* and 34 
elements is approximately equal to the atomic 
mass of the middle element- 


= 737 
(iii) $ = 32 
Se = 79 = &O0 


32 +128 _ go 


2 
(iv) Ch = 35-5 


eeeeoene GSS haz, 


81-5 


I = 127 
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This classification was failed because all the ele- 
ments could not be classified in this way: 
3- Newland Classification: 
In 1864 an English chemist J- Newlands arranged 
the elements in order of their increasing atomic 
masses: He divided the elements into groups of 
seven elements and found that every 8 element 
had the properties similar to the T element of 
the preceding series: He called these groups as 
octaves: For example in the table given below li- 
thium resemble sodium and so on: 
Li Be? Bo Cc? NF oF OF? 
Ne Met AP? SPR PT SF CRIS 
He could not properly classified all the elements 
in the same manner, so the law of octaves failed 
to classify all the elements- 7 
4: Mendeleev and Lother Meyer Classification: 
In T869 two chemists, Lother Meyer in Germany 
and Dmitri Mendeleev in Russia at about the same 
‘time independently developed very similar arrange- 
ment of elements: They found that while arranging 
the elements in the order of their increasing 
atomic weight, certain physical and chemical prop- 
erties are repeated at regular intervals: 
Loter Meyer plotted atomic volumes. [densities] 
of the elements against their atomic masses and 
found that similar elements occupied similar posi- 
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tions in the graph- ; ‘ 

Dmitri Mendeleev arranged the elements in the 
form of table: He arranged 65 elements into pe- 
riods and groups: In this ‘table he left vacant 
spaces for the elements which were not discov- 
ered at that time and be placed in these vacant 
spaces’ On the basis of this table, he predicted 
the properties of certain elements very accurate- 
ly that were yet to be discovered: : 
Mendeleev classification was based on atomic 
mass: However with the discovery of atomic 
structure, it became clear that elements varied 
regularly with atomic number and not with 
atomic mass: Mendeleev laid down a base for the 
arrangement of elements: Due to his, this great 
contribution an element in periodic table is 
named after his name [Mendelevium - Md having 
atomic number 107]- 


QI: Explain modern periodic table in detail: 


Ans- The modern periodic table was put forward 
by Henry Gwyn Jeffreys Moseley- In 1913 an 
English physicist Moseley classified the elements 
in the order of their increasing atomic numbers: 
He found that atomic number is the fundamental 
property of an element- This English physicist 
presented modern periodi¢ law: 
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Modern Periodic Law: 
Definition: “Physical and 
chemical properties of  ele- 


ments are periodic functions of 
their atomic numbers-” Mod- - 
ern periodic *table is designed 
on the basis of this law: At 
present, the elements are arranged in order of 


their increasing atomic numbers: In whith ele- 
ments having similar properties and similar va- 
lence shell electroni¢e configuration are repeated at 
regular intervals: ; 

Periodic table is composed of eight vertical col- 
umns known as groups / families and seven hori- 
zontal rows known as periods: 

Periodic Table: 

“A table obtained by the arrangement of ele- 
ments into groups and periods is called periodic 
table-” 


Features of Modern Periodic Table: 
The essential features of modern periodic table 
are given below: 
a Periods and groups 
b- Blocks in periodic table ~ 
ce Position of metals, non-metals and metalloids 
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a- Periods: © 

“The horizontal rows of elements from left to 
right in periodic table are called periods:” There 
are seven periods in periodic table: 


First Period: |t is called the shortest period: It 
contains two elements, hydrogen and helium: 
Both are gases and are s-block elements: 


Second Period: It is called short period: It con- 
tains eight elements: All the eight elements are 
sub-group-A element, which are called normal 
[representative] elements: 


Third Period: It is also called the short period: 


ft contains eight representative elements: 


Fourth Period: ft is called the long period: lt 
contains eighteen elements: It contains & repre- 
sentative elements and 70 transition elements: 


Fifth Period: !t jis also called the long period: It 
contains 18 elements: 8 elements are normal and 


the remaining 10 are transitions 


Sixth Period: It is the longest period: It con- 
tains 32 elements: It contains & normal ele- 
ments, 10 transition elements and 74 rare earth 


elements, the lanthanides- 
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7" Period: [t is still in- 
complete: It contains two | Period-1 @) H 
representative elements, 70 


transition elements and 74 | periog-2 i 
actinides: 


NOTE: All the elements in 
the same period have the | poriog-3 Na 
same number of shells: In 
the T* period the number 
of shell'is one, in the 2° period all elements have 
two shells and so on- It means in a particular pe- 
riod, the number of shells remains the same: 
Groups: 
“Vertical columns of elements from top to bot- 
tom are called groups-” ; 
The periodic table is arranged in such a manner 
that the elements in the same group have the 
same number of electrons, in the outermost 
shells of their atoms: it means that they have 
the same valence electrons: Due to similarity in 
the number of valence electrons: The elements 
show resemblance in their chemical properties in 
the same group: Groups are of two types: Sub- 
group-A and sub-group-8- 

> Elements of sub-group-A are called normal 

or representative elements: 
> Elements of sub-group-B are called transi- 
tion elements: _ 
> There are total 18 groups in periodic table- 
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& groups of normal elements and 10 groups 

of transition elements: 
!A-Group: 
Elements of this group [except-H] are called alka- 
li metals: It is because when these elements are 
added to water, they reacts with water and 
form alkalies: It contains elements [Li, Na, K, 
Rb, Cs, Fr]- Elements of lA-group have one elec- 
tron each in their last shells and they show simi- 
lar chemical properties: These are very reactive, 
electropositive and metallic in nature: 
liA-Group: 
Elements of IlA-group are called alkaline earth 
metals: They have two electrons each in their va- 
lence shells- These are less electropositive than 
alkali metals: This group contains the elements, 
beryllium, magnesium, calcium, strontium and ra- 
dium- 
I]A-Group: 
lt is called Boron family- It contains the elements 
Boron, Aluminum, Galium, Indium, Thalium- These 
elements have four electrons in their last shells- 


1VA-Group: 

le is called Carbon family: It includes elements Car- 
bon, Silicon, Germanium, Stannum and Plumbum- 
They have four electrons in their last shells: 
VA-Group: 

lt is called Nitrogen family- It contains elements 
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Nitrogen, Phosphorus, Arsenic, Stabium and Bis- 
muth They have five electrons in their valence 
shells- 

ViA-Group: 

{t is called Oxygen family: It contains elements, 
Oxygen, Sulphur, Selenium, Tellurium and Polo- 
nium: They have six electrons in their valence 
shells- 

VHA-Group: 

Elements of this group are called halogens: Halo- 
gen means salt former: It contains elements 
Fluorine, Chlorine, Bromine and lodine: They have 
seven electrons in their last shells- These are very 
electronegative: They show non-metallic charac- 
ters: 

VillA-Group: 

Elements of this group are called noble gases, 
rare gases or inert gases- This is also called zero 
group: It contains the elements Helium, Neon, 
Argon, Krypton and Xenon: Helium contains two 
electrons in its valence shell while the other have 
eight electrons in their last shells- 

Periodic Table in Four Blocks: 

Elements in which the last electrons enter into 
s-subshell during electronic configuration are called 
s-block elements: 18 group and HA group ele- 
ments are called s-block: 


pcBlock Elements: 
Elements in which the last electrons enter into 
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p-subshell are called p-block elements: IIIA, IVA, 
VA, VIA, VIIA, VIHA [except helium] comes in 
this category: 

d-Block Elements: 

Elements in which the last electrons enter into 
d-subshell are caleld d-block elements: These ele- 
ments are also called transition elements: These 
include 1B to VIIIB groups: 

F-Block Elements: 

Elements in which the last electrons enter into 
fsubshell are called f-block elements: These are 
also transition elements- Lanthanide and actinide 
series came in this category: 

NOTE: s and p-block elements are called normal 
/ representative elements d and f-block elements 
are called transition elements-\ 

Position of Metals, Non-Metals and Metalloids: 
In periodic table metallic elements lie to the left 
and bottom of the periodic table: Non-metallic 
elements lie to the right and top of the periodic 
table: Metalloids are on the boarder line: 


SCIENTIFIC INFORMATIONS 
> The only letter that does not appear on 
; the periodic table is J- 
> The rarest (Ma) naturally occurring ele- 
ment in the earth's crest is Astatine: The 


total crust appears to contain about 28 
gram of this element- 
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Representative Elements: 
(Mardan, Abbottabad 2079 


All s-block and p-block elements are called repre- 
sentative elements: 

Transition Elements: 

Those elements which show variable oxidation 
states are called transition elements: All “d” 
and & block elements are called transition ele- 
ments: 

Lanthanide Series: 2 

lanthanides are those elements which come af- 
ter lanthanum in 6" period: Lanthanide series 
contain T4 elements which ranges from cerium 
(Ce-5E) lutetium (Lu-71)- These are placed at 
the bottom of the perigdic table due to differ- 
ences in their properties: These 14 elements are 
also called rare earth elements: 

Actinides and Actinide Series: 

Actinides are those elements which come after 
Actinium in the 7 period: A 14,.member series 
starting from Actinium and ends at Lawrencium is 
called actinide series: This series ranges from tho- 
rium (Th-90) upto Lawrencium (lr-103)- These 
elements are placed below the actinides in the pe- 
riodic table at the bottom: 


PRACTICE PROBLEM 3-1: 
° Which is is the first element_of the second 
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« Which one is the last element of the 
second period of the periodic table? 


« How many elements are in that period? 
Ans « Li «Ne» & elements 


EXAMPLE 3-1: Use periodic table to identify 

the following: 

T- St element of T° transition series 

2: Element of the ¢° period that_is_also_in 
* VB group 

3: The last lanthanide 

4- The 7 transition element 

5: The 2" actinide metal 

6: The 1° element of VIIIB group 

7: The 3" halogen 

8 The 1 alkaline earth metal 

9 


The T* coinage metal (rvLvitt) Cu, Aq, Au 


Solution: 
7. Mn 2°V 3: Lu 4- Co 5: Pa 
6: Fe 7: Br & Be 9 Cu 


PRACTICE PROBLEM 3-2: 


Identify the 2° noble gas: 
Solution: Neon (Ne) 
SCIENTIFIC INFORMATIONS 
Hydrogen is the lightest, most abundant (2) 
and explosive (2S) gas on earth: Fluorine is 


the most reactive and most electronegative of 
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the elements, making elemental fluorine a dange- 
rously powerful oxidant: This leads to direct 
reactions between fluorine and most elements, 
including noble gases krypton, xenon and radon: 
There are total 17 gases which can be found in 
atmosphere on earth: Only oxygen and nitrogen 
are found in large concentrations; 20:947% and 
78-O8¢% respectively Oxygen concentrations be- 
low 16% are considered unsafe for humaas: 


> Group number indicates the number of 
electrons in the outermost shell of an 
atom: 

> Period number indicates the number of 
shells in an atom: 


TEST YOURSELF 

© To which group does the element “K" be- 
long? [1A] 

© To which period does the element “arsenic” 
belong? [4] 

e To which group does the element titanium 
belong? [1VB] 

© State whether the following elements are 
metals or non-metals- ~ 
Cesium, boron, selenium, phosphorus, as- 
tatine, osmium 
(Metal) (N-metal) (N-metal) (N-metal) (N- 
metal) (Metal). 


How many shells and valence electrons, the 
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element calcium will have? [4-shells and 2- 
valence electrons] 


Element “X” is located in period-3, group- 
ll of the periodic table, deduce its elec- 
tronic configuration: 


Q2: Define periodic properties and periodicity of 
properties: Name some of the periodic proper- 
ties: 
Ans- Periodic Properties: (81SE Malakand 2078) 
Definition: “Properties of elements which changes 
with change in period are called periodic proper- 
ties-” The properties which repeat again and 
again across the period and down the group are 
called periodic properties: 

Periodicity of Properties: 

Definition: “The repetition of a property after a 
regular interval is called periodicity of proper- 
ties” (OR) 

Definition: “The process / pattern by whith 
there is repetition of properties in all the groups 
and the periods after a certain interval, are the 
periodicity of praperties-” 

Periodicity: 

Definition: “A pattern of repeating properties at 
regular interval is called periodicity-” : 
Examples: Atomic size, atomic radius, ionization 
energy, electron affinity etc: 
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Q3: Explain atomic size, atomic radius, covalent 
radius: What is the peri 

Ans: 1- Atomic Size: 

(Malakand 2018, Abbottabad 2079) 

Measurement of accurate size of an atom is very diffi- 
cult, it is because: 

7. Atom is invisible 

2: Atom cannot exist in free state: 

3: The same atom may have different sizes 
in different combinations and different 
situations: 

4 The size of an atom is not rigidly fixed 
but it varies when combined with differ- 
ené atoms: 

The atomic sizes are usually expressed in terms 
of atomic radii and covalent radii- 
Atomic Radius: 
Definition: “The distance between the nucleus 
and valence shell of an atom is called atomic ra- 
dius'” The atomic radius is represented by “r’- 
Atomie radius is directly proportional to the 
number of shells: 
Units: 
Various units used for the measurement of atom- 
ic radii are angstrom (A’ )- 
14 = 10%em = 10m 
Micrometer (um) = 10m 
Nanometer =(nm) = 10°m 
.. Picometer (pm) = 107m 
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Trends / Periodicity of Atomic Radius: 


Atomic radius / size increases from top to bottom 
[down the group]: {t is because the number of shells 
increases from top to bottom: 

Atomic radius / size decreases from left to right 
along the period: It is because, atomic number 
increases from left to right, one proton is added 
to the nucleus continuously along the period- 
Therefore, the attraction of the nucleus for the 
valence electrons increases which pulls them near- 
er to the nucleus’ Thus the atomic radius de- 
creases” 

Atomic Radii_in Angstrom (A) of the Repre- 
sentative Elements: 


He 
0-49 


7-23 | 0-89 | 0-80 | 0-77 | 0-74 | 0-74 | 0-72 | 0-57 
7-35 | 7-36 |7-25 |7:77 | 7-70 | 7-04 | 0-99 | 0-88 


Ca 
EERIE 
2:16 7 [7:59 |7-47 17-47 [7-37 [7-53 | 7-24 

Tl Pb | Bi Po at Rn 
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2° Covalent Radii: (Mdn 2018, Bannu 2019) 

Definition: “The one half of the distance be- 
tween the nuclei 
of two similar 
atoms of the 
same - molecule 
containing a sin- 


gle covalent bond 


is called covalent 
radius-” (OR) 
“Half of the distance between the nuclei of two 
covalently bonded 
similar atoms is 
called covalent — ra- 
dius-” 

Covalent radius can 
be deduced from the 


measurement of in- 


Covalent Radius of Hydrogen Molecule 


teratemie spacing by means of x-rays: In the fol- 
lowing example, the bond distance between the 
two atoms “A” and “B" is the average of the 
lengths A-A and B-B- . 


Visit www.downloadclassnotes.com for Notes, Old Papers, Home Tutors, Jobs, IT Courses & more. 
(Page 106 of 330) 


For more notes & academic material visit our Website or install our Mobile App 
Website: www.downloadclassnotes.com Mobile App: bit.ly/DCNApp 


CHEMISTRY NOTES FOR 9" CLASS (FOR KHYBER PAKHTUNKHWA) 


Examples of Halogens 


Intermolecular distance Covalent intermolecular distance Covalent 
{bond length} radius {bond length} radius 
143 pm 114 pm 228 pm 114 pm 
1) CD 
199 pm 100 pm 266 pm 133 pm 


cy 


Q4: Define ionization energy- What are the fac- 

tors which affect 1-E? What are the trends of 

LE in periodic table? 

Ans: lonization Enerqy / lonization Potential: 

(BISE Malakand 2078, Kohat 2079) . 

Definition: “The minimum amount of energy re-. 

quired to remove an electron from the valence 

shell of an isolated gaseous atoms is called ioniza- 

tion energy or ionization potential-” Experimen- 

tally ionization energy of an element is measured 

in joule/atom or kilo joul/mol- 

Examples: 

Nay —“#—> Na, tie LE = +496Kj/mol 

M9q) —“*—~—>_ gil, + Te EE = +738Kj/mol 

> lonization energy may be 7°, it may be second 
and it can also be 3 ionization energy: 

> The amount of energy required to remove 7 
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electron from the valence shell of an isolated 
gaseous atom is called 1° ionization energy 
while the amount of energy required. to re- 
move 2” electron from the valence shell of an 
isolated gaseous atom is called 2” jonization 
energy: It is represented by |-E- 


Mg ———> Mq" LE = +738Kj/mol 

Mg? > Mg’? LE = 47450Kj/mol 

> 2 ionization energy is greater / higher than 
the 1 ionization energy: 

lonization Energies (in Kj/mol) for Periods 

12,3: 

at 7 Period 2 


2 
bet pam wer] vr [re | oe | ar [3007 | 30 | 
Le [Tose 7733 [ares | s2se | aore [oer [aeze | sar | 


Factors Affecting lonization Energy: 

(Banna 2079) 

lonization energies of atoms depend upon the fol- 
lowing factors: 

> Atomic radius of the atom 

> Nuclear charge of the atom 

> Shielding effect of the underlying electrons 
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> Electronic configuration 2 

7- Larger the atomic size / atomic radius, lower 
will be the ionization energy and smaller the 
atomic size, higher will be the |-E value: 

2: Higher / greater the nuclear charge, higher will 
be the ionization energy and vite versa: 

3- Greater the shielding effect, lower will be the 
ionization energy and vice versa (KL): 

4- Elements having half filled and full filled sub- 
shells are more stable and have high ionization 


energy values: , 

Trends of lonization Potential in Periodic Table: 
lonization potential decreases from top to bot- 
tom [down the group]: lt is because going from 
top to bottom, the number of shells increases: 
Distance between nucleus and valence electrons 
increases and thus attractive force decreases: So 
little amount of energy will be required to re- 
move the valence electron 

lonization potential value increases from left to 
right along the period: It is because going from 
lefe to right, nuclear charge increases force of 
attraction between nucleus and valence electrons 
increases: Thus greater amount of energy will be” 
required to remove electron: 
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?* lonization Energies o; 


72 1002 | 1038 
EXAMPLE 3-2: Which atom in each of the fol- 
lowing sets has the largest ionization energy? 


a K, Ga, Se b- OS, Se 
ec In, As, cl 
Solution: 


a “Se” has the largest IE value because it is 
smaller in size and present at the right side 
of the periodic table: 

b- Oxygen has the largest [-E value because of its 
small atomic size as compared to $ and Se- 
Oxygen is present at the top of its own 
group: : 

ce Chlorine has the highest [-E value as compared 
to Indium and Arsenic: tt is because chlorine is 
present at the right side as well as at the 
top as compared to the other two elements: 
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We know that elements present at the top and to 
the right side have small atomic sizes- 
PRACTICE PROBLEM 3-3: , 
Which atom _in_each of the following sets has 
the largest ionization energy? 

a Be €&N b- Ma, Ca, Sr 

ce $0, Fe F 
Ans: We know that atoms present to the right 
and top of the periodic table have small atomic 
sizes and will have large (-E values so among the 
above three sets of elements Nitrogen, Magnesium 
and Fluorine has the largest |-E values: 
Can _you explain the abnormalities_in ionization 
potential values from Be - B and N - O on 
the basis of their electronic structure and - 
Shielding effect? J 
Ans: The symbols, atomic numbers and the electronic 
configuration of period-2 elements is given below: 

Le Be* e Cc NN OF FP Ne? 
12,29, 12,22 12,222) .2P 2p? 2p 2p? ..2p% 
We know that elements having half filled and ful- 
filled sub-shells are more stable than those ele- 
ments having partially filled sub-shells- More stable 
elements have high I-E values- 
Looking into the electronic configuration of the 
above elements Beryllium (Be) has fulfilled sub-shell 
and the p-sub-shell of Nitrogen is half filled: So 
these are more stable and have high |-E values as 
compared to B and O- 
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TEST YOURSELF 


66 ©©O© 


Hydrogen Lithium Sodium Potassium 


> Use a periodic table, to complete the last 
two diagrams for sedium and potassium: 
> What do you notice about the number of 
electrons in the valence energy level in each 
case? 
> Explain why elements from group-lA are more 
reactive than elements from group-llA of the 
periodic table- [Hint: thing back to ionization 
energy] 
Ans: 
H LP Nai? KS 
K=7 K=2, L=7  K=2, L=8, M=7 2,8,8 
So we will complete the last two diagrams ac- 


cording to the above electroni¢t configuration- 

> From the above electronic configuration as 
well as from the group number (1A) of 
these elements it is clear that they have 
one electron each in their valence shells- 


> Group-lA elements have larger atomic sizes 
as compared to group-lIA elements: Similar- 

ly the 1-E values of 14 group elements are 

lower than the |-E values of IIA 


group ele- 
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ments: [t means that 1A group elements 
will lose electrons easily as compared to IIA 
group elements and thus are more reactive 
than group IiA_elements- 


Q5: What is electron affinity? What are the 
various factors which affect electron affinity? 
Explain its periodicity in periodic table- 

BISE Mardan 2019 


Electron Affinity (E:A): [Affinity means 

love/attraction] 
Definition: “The amount of energy released dur- 
ing the addition of an electron to the valence 
shell of an isolated gaseous atom is called elec- 
tron affinity”- 
Electron affinity means love or attraction for ac- 
cepting electrons: It is denoted by E-A- Elements 
possess varying tendencies towards the acceptance 
of electrons is their outer shell- The new incom- 
ing electron when absorbed by the atom is 
slightly bound by the nucleus of the atom 
through attractive forte- This cause release of 
energy, thus the electron affinity of the atom is 
measured in terms of energy: It is measured in 
the unit of kj/mole- 
Examples: 

Fete ——> fF? E-A = -337 Kj/mol 

cl+fe ——>¢j" E-4 = -348 Kj/mol 

O+1le-——> 0" E-A = -147 Kj/mol 
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Electron affinity may be, 7 electron affinity and 
it can also be 2" electron affinity: 
The energy released during the addition of 1 
electron to the valence shell of an atom is called 
1 electron affinity: It is assigned negative value: 
The energy absorbed by the addition of 2% elec- 
tron to the valence shell of an isoiated gaseous 
atom is called second electron affinity Cea: 
The second electron affinity has a positive value 
because energy is added / required to overcome 
the electron-electron repulsion 
He O” E-A, = -141Kjfmol | 
; O'+Te ——>» 0? EA, = +780 Kj/mol 
Factors Affecting Electron Affinity: 
(BISE Swat 2079) 
The following factors affect electron affinity: 
Nuclear charge 
Atomic size / radius 
Electronic confsvracion 
Shielding effect 
> Greater the magnitude of nuclear charge | 
within the same period, higher will be 
the electron affinity value and vice versa 
(ALN) 
> Larger the atomic size / radius lower 
will be the .electron affinity and vice 


Nom 


versa: 
> Elements having half filled and fulfilled 
sub-shells have low electron affinities: 
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> Poor the shielding effect, lower will be 
the electron affinity: 

Periodicity / Variation in Periodic Table: 
(Mardan 2077) 
Variation _in_a Group: Electron affinity decreases 
from top to bottom in a group due to increase 
in atomic size and also increase in shielding ef- 
fect- When we move from top to bottom [down 
the group] new shells are continuously added- 
These sheils make a shield (Jb+) between nucleus 
and the incoming electron, so force of attraction 
decreases and thus E-A decreases- 
Variation _in_a Period: Electron affinity increases 
from left to right along the period: It is due to 
increase in nuclear charge and decrease in atomic 
radius’ Fherefore the tendency of taking electron 
increases* 
F* Electron Affinities of the Normal Elements: 


il 
5 
OO 


N oO & Ne 
id 14) -328 | +29 
a 
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Q6: What is shielding effect? Explain its peri- 
odicity in periodic table- 
Ans: Shielding Effect: 
(BISE Mardan 2018, Kohat 2079) 

Definition: “The decrease in the attractive force 
of the nucleus on the valence electrons due to 
the presence of inner shell electrons is called 
shielding effect:” 

We know that the electrons are evenly distri- 
buted around the nucleus in various shells: The 
inner shell electrons shield (tée3) the outer elec- 
trons from the nuclear charge- The valence elec- 
trons spend most of the time away from the 
nucleus than the inner shell electrons, because 
these electrons do not feel the full effect of the 
positive charge of the nucleus: As the number of 
shells increases shielding/screening effect will be 
increased and there will be more protection of 
valence electrons from nuclear attraction: So the 
removal of valence electrons will become easy: 
Shielding effect is responsible for the decrease in 
the force of attraction between the nucleus and 
valence shelt electrons: Shielding effect has a di- 
rect impact CO) on the atom:c radii, ionization 
potential and electron affinities of the elements: 
Variation of Shielding Effect in Periodic Table: 
Shielding Effect_in Groups: When we move in a 


group from top to bottom, the shielding effect 
is more effective than the nuclear charge: This is 
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because a new shell is added as we move down in 
the group: This shell screens the valence electrons 
from the hold of the nucleus: This causes a de- 
crease in the ionization energies and electron af- 
finities of the elements down the group: 


period from left to right, the atomic number in- 
creases: Positive charge on the nucleus increases: 
The number of electrons in the valence shell also 


increases but shell remains the same: Consequently 
(@) the increasing nuclear charge wins over shiel- 
ding effect, which remains constant: This results 
decrease in atomic radii, increase in ionization ener- 
gy and electron affinity values of elements: 


This electron 4 = ve 

does not feel fn © = 
the full effect — 
of the tive ens ~ 


These efectrons shield 
charge of the nucleus 
The outer electrons from 
the nucieus 


Shinidiig increases 


Q7: What is electronegativity? What factors af- 
fect electro-negativity? Explain its periodicity in 
periodic table- 
Ans- Electro-neqativity (E-N): 


Definition: “The ability of an atom to attract 
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the shared pair of electrons towards itself in a 
covalent bond is called electronegativity-” If a co- 
valent bond is formed between two similar atoms 
the shared pair of electrons are equally attracted 
to both the nuclei and such a covalent bond is 
said to be non-polar- 

H-H GY [non-polar bond] 
On the other hand if the bond is formed be- 
tween atoms having different electronegativities 
[abilities], the atom with higher electronegativity 
avtract the shared pair of electrons more to- 
wards itself and will get a slight negative charge 
CS) and the otner atcit will get a siignt posi- 
tive charge (+5)- Such a bond is called polar co- 
valent bond: For example covalent bond in HCl 
molecuie is polar- 

H* - cr [Polar covalent bond] 
Factors Affecting Electro-Negativit' E-N]: 
(Bannu 2079) 
1. Atomic Size: 
Larger the size of the atom, smaller will be the 
electro-negativity and smaller the atomic size, 
higher will be the electro-negabivity value 


2- Nuclear Charge: : 
Greater the nuclear charge higher will be the 
electronegativity and smaller the nuclear charge 
lower will be the electro-negativity- 


3: Shielding Effect: 
Greater / higher the shielding effect lower will be 
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a electro-negativity valde of: that atom: 
: Electronic Configuration: 

i having half filled sub-shells and fulfilled 
sub-shells are stable: The addition of electrons to 
these sub-shells is difficult- On the other hand, 
atoms having almost filled sub-shells are more 
electronegative than others: 

Paulina calculated the electronegativities values of 
the elements: For this purpose, he develoned a 
scale from bond energies of diatomic molecules- 
On this scale the electronegativity of fluorine is 
4-0 uthich is the highest of all the periodic table 
elements: The lowest value is for cesium which is 
0-7: 

Flectro-Negativity Vaiues of some other ele- 
ments arz: 

H=2:-7 Li = 0-98 Be = 1-57 

B= 2:07 c= 2°55 N = 3-04 

0=3-5 F= 40 Cl = 3-16 

Br= 2:96 = 3 1= 2:66 Na = 0:93 
| Mg = 7-37 Al = 1-81 Si = 2-02 
P=2-19 S$ = 2:58 ete: 

Trends in Periodic Table: 

Variation _in Group: Electronegativity decreases 
from top to bottom [down the group]: lt is due 
to increasing size and increasing shielding effect: 
Variation _in a Period: Electronegativity increases 
from left to right along the period: It is due to 
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decrease in atomic size and increase in nuclear 
charge due to the intrease in atomic number- 


TEST YOURSELF 
The least _electronegativity element is cesium (O-7) 
can you guess, where is it located in the table? 


Ans: Cesium is located at the extreme left and 
bottom of the periodic table- lt is the element 


of 1A-group and 7" period: 

Can you tell, elements of which group have the 

highest electro-neqativity values? 

Ans: Elements of VIIA group [halogens] in peri- 

odie table have the highest electronegativity val- 


Electronegativity Trend in Periodic Table: 


si 
i 


sh | te |” | 
zon | 2 | ee | 3x 
“ai [Po [“at [Ra 
zm| aa | 22 lear 


EXAMPLE 3-3: Which set has the more simi- 


| lar_properties? 
_ a N, PAs b LiL GF 
Solution: 
Set (a) has the more similar chemical properties. - 
because these elements are in the same group- We 
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know that elements of the same group has almost 
similar properties: 

Set (b) elements are in the same period: 
PRACTICE PROBLEM 3-4: 


ls sulphur more likely to be similar to selenium 
(Se) or to chlorine in its chemical properties? 


Solution: 

We know that elements present in the same 
group have similar outermost shell / sub-shell 
electronic configuration and have the same chemi- 
cal properties: So sulphur is more likely to be 
similar to selenium in its chemical properties be- 
cause both are the elements of the same group: 


Periodicity of Shielding Effect, |-P, E-A and E-N: 


increasing nuclear charge dominates over shielding effect 


LP values increase 
E.A values increase 
E.N values Increase 


Increasing in shielding dominates over 
increased nuclear charrge 
IP values decreases 
E.A and EN values decreases 
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Exercise 


Choose the correct option: 

1) Which of the following elements is in the 
same family as fluorine? 
(a) Silicon (bh) Antimony 
(¢) lodinel (d) Arsenic 

2: Which of the following would have the smallest 
ionization energy? 


(a) K (b) P 
ms (d) Caf 

3: An element has configuration 2, &, 1, it be- 
longs to: ; 


(4) Group IA and 3™ period/ 
(b) Group IIIA and T° period 
(¢) Group 1A and 7* period 
(d) Group VIIA and 3" period 
4- Which of the following elements would be most 
similar to carbon? 


(a) Nitrogen (b) Boron 
(Ce) Oxygen (d) Silicon’ 
5: $-block elements are: 
(4a) Metals/ (b) Non-metals 
(¢) Metalloids (d) Transition 


6- Which of the following would have the largest 
ionization energy? 
(a) Na (c) Al 
()H (d) Hef 

7- Elements in a........have similar chemical prop- 
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erties” : 
(a) Period (b) Group’ 
(Ce) Both (a) & (b) (d) None 
&- An element has S8-electrons in its valence 
Shell lé is a member of: 
(a) Alkali family (b) Halogen family 
(6) Noble familyf (d) Carbon family 
9- Modern periodic table is based on: 
(a) Atomic number/ 
(b) Mass number 
(e) Neutron number 
(d) Isotope number 
70- Shielding effect is due. to: 
(a) Neutron 
(b) Proton 
(¢) Proton and neutron 
(d) Electron/ 


Short Questions 


Answer briefly the following questions: 


QI: Which element of group IA is not an alkali 
metal and why? 


Ans: Hydrogen of group 1A is not an alkali metal 
because it does not form alkalies when reacts 
with water It is not a metal because it does 
not possess the properties of metals like shiny 
surface, ductility, malleability and conductivity: 
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Q2: Place the following elements in order of in- 
creasing ionization energy: Na, 5, Mg, Ar 
Ans: The order of increasing ionization energy for 
the given elements is: 

Na < Mg < § < Ar 

496 738 7000 = -1527Kj7mol 


Q3: Name the group and state the group num- 


bers of each of the following elements: 

(a) K_(b) Ne (ce) Be (d) Cl 

Ans: 

a) K: Group IA, alkali metal group 

5) Ne: Group VIIA, noble gases [zero group] 
¢) Be: Group tiA, alkaline earth metals 

d) Cl: Group VIG, halogens 

e) C: Group IVA, carbon family 


Q4: Which element is the most electronegative 


among C, N, O, Br and 5? which group does it 
belongs to? 


Ans: Oxygen is the most electronegative element 
and it belongs to VIA group- 


Q5: How do the T” ionization energies of repre- 
sentative elements vary (ix) across a period 


and down a group? 


Ans: lonization energies increases from left to 
right in a period because left to right atomic size 
decreases and nuclear charge increases: Similarly, 
ionization energies decrease down the group: It fs 
because down the group atomic size increases: 
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Similarly attraction ‘between nucleus and valence 
electron decreases: 


Q6: Which element is found in: 
(a) Period-2, group VIIA 


(b) Period-4, group Illa 
() Period-5, group VIA 
(d) Period-1, group VIIA 


Ans 

a) Fluorine is present in period-2, group VIIA: 
b) Gallium is present in period-4, group IIA: 

¢) Tellurium is present in period-5, group VIA- 
d) Helium is present in, period-1, group VIIA i 


Q7: How will you differentiate between repre- 
sentative and transition elements? 

(Mardan 2079) ° 
Ans 
7- Sub-group-A elements in periodic table are 
called representative elements while  sub- 
group-B elements in periodic table are called 


transition elements: - 

2- Representative elements have fixed oxidation 
states while transition elements have Marable 
oxidation states: . 

3: Representative elements consist of metals, 
non-metals and metalloids while the transi- 
tion elements are all metals 

4s and p-block elements are representative 
elements while d-block and f-block elements ~ 
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are called transition element: 

5- Compounds of transition elements are mostly 
coloured while those of representative ele- 
ments are often coloured: 

6- All transition elements are solid [except mer- 
cury] while representative elements exist in all 
the three states of matter 


Q8: Make a general sketch of periodic table 


showing s, p, d and & block elements, without 
showing the symbols of elements: 


Ans: 


Transition elements 


p-block elements 
d-block elements 


s-block elements 


Lanthanide series 
Actinide series 


Q9: Why the s-block elements have two groups only? | 


Aas: As s-sub-shell can accumulate two electrons 
so only two groups have been included in s-block 
category: 

Q10: What type of element is sulphur (5), a 
representative element, a transition element or 
lanthanide element? oak 
Ans’ F° + 1s?, 25°, 2p®, 33%, 3p* 


+: f-block elements 
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From the electronic configuration of sulphur it is 
clear that the last electrons enter into p-subshell 
or p-subshell is in the process of completion, so 
it is a p-block element- We know that represent- 
ative elements consist of s and p-block elements: 
So sulphur is a representative element: (OR) 
Simply “sulphur” is a sub-group-A element so it 
is a representative element: It is present in VIA 
group of the periodic table: 


Long Questions 
QI: How modern periodic table is different from 
the Mendeleev's periodic table? 


Ans: Mendeleev's periodic table was based on in- 

creasing order of atomic weight and modern peri- 

odic table is based on atomic numbers: 

> In Mendeleev’s periodic table there were vacant 
spaces for undiscovered elements and there are 
no vacant spaces in modern periodic table- 

> In Mendeleev’s periodic table the position of 

. isotopes was not clear while it is quiet clear in 

modern periodic table. As isotopes have the 
same atomic numbers so they occupy only one 
position in periodic table- 

> Mendeleev placed alkali metals and coinage met- 
als in one group which possess different proper-- 
ties: In modern periodic table these elements 
were separated: Alkali metals are in IA group 
and coinage metals are in 1B group: 
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> In Mendeleev’s periodic table position of halo- 
gens and noble gases was not clear but in mod- 
ern periodic table halogens and noble gases have 
their own groups (i-e- VIIA and VIIA): 


Q2: Differentiate between atomic radii and co- 


valent radii- Explain the trends of atomic radius 
in periodic table: 
Ans: Please See question # 3- 


Q3: What is electronegativity? Identify the 
most and least electronegative elements in the 
periodic table: Why is fluorine special in terms 
of electronegativity? 
Ans: “The tendency of an atom to attract the 
shared pair of electrons towards itself in a cova- 
lent bond is called electro-negativity-” 

The most electronegative element in periodic ta- 
ble is fluorine and the least electronegative ele- 
ment is cesium: 

Fluorine has the highest electronegativity in the 
whole periodic table and special in this term be- 
cause it is small in atomic size Similarly, it oc- 
cupies a special position in periodic table i-e- right 
and top position: 

We know that going from left to right along the 
period electro-negativity increases: As fluorine is 
on the right extreme so it has maximum electro- 
negativity: When we go drown in a group the 
electronegativity value decreases, so from fluorine 
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E.N decrease 


Q4: Define shielding effect and draw its affects 
on the ionization energy, electron affinity and 
electronegativity: 
Ans: Shielding Effect: 

“The decrease in. the attractive Fore between 
nucleus and valence electrons due to the presence 
of inner shell electrons is called shielding effect-” 
Effect _of Shielding Effect on lonization Enerqy: 
Higher the shielding effect lower will be the ioniza- 
tion energy value and lesser the shielding effect high- 
er will be the ionization energy, values of element- 
Effect of Shielding Effect_on Electron Affinity: 
Greater the shielding effect, lower will be the 
electron affinity and lesser the shielding effect 
higher will be the electron affinity values: 
Effect_of Shielding Effect _on Electroneqativity: 
Greater the shielding effect, lower will be the elec- 
tronegativity and lesser.the shielding effect, higher 
will be the electronegativity values of atoms: 

In nut shell WF) greater the shielding effect, 
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lower will be the ionization energy values, elec- 
tronegativity values and electron affinity values 
and vice versa: 


QS: Explain the following: 
a- Periodicity of properties 


b- Electron affinity (E-A) 
¢- Modern periodic law 
Ans: (a) Please see question # 2 
(b) Please see question # 5 
(c) Please see question #7 


oaqg 
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and if you shine the world will give you credit.” 
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Structure of 
‘Molecules 


. 


introduction: 

“The attractive force which keeps species togeth- 
er in a substance is called a bond-" Except noble 
gases which exist as atoms, all other’ elements 
and compounds are formed by the combination of 
atoms: Atoms combine and form molecules: Mole- 
cules of the same elements consist of the same 
kind of atoms e-9° Oo, Ox Pu, Sg ete, while 
chemical compounds are made up of different 
kinds of atoms/ions e-g: H2O, COz, CH, ete: The 
process by which atoms join together and then 
combine together is called chemical bonding 

Why do atoms form chemical bonds? 

We know that every system wm the universe goes 
towards stability and tedlls to lower. its energy: 
For example water flows from higher level to 
lower level- Electricity flows from higher potential 
to lower potential: Heat flows from a hot body 
to a cold body: Air flow from higher pressure re- 
gion to lower pressure region: All these happens 
because water and electricity are trying to de- 
crease their energy’ 
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The energy of the isolated hydrogen atoms is 
higher than the bonded hydrogen atoms: That is 
the combination of atoms gives stable molecule 
through emission of energy: They can decrease 
their energy by combining with other atoms and 
form a chemical bond: 


QI: Explain the following: 


a The valence concept 
b- The orbital concept 


Ans: There are two concepts which explain the 
chemical bond formation: 

1. The Valence Concept: [Electronic theory of va- 
lence] (BI1SE Peshawar 2079) 

in 1916 Gilbert Newton Lewis [G-N Lewis] an 
American physical chemist and W- Kossel gave the 
electronic theory of valence- It states that in a 
chemical bond formation, atoms take part by los- 
ing, gaining or sharing of electrons so as to at- 
tain the inert or noble gas electronic configura- 
tion when atoms have two or eight electrons in 
their outermost shells, they are stable: The elec- 
tron theory of valence can be named as the oc- 
tet or duplet theory of valence: 

a Octet Theory of Valence (OR) Rule of Eight: 
Rules of eight explain the tendency of atoms to 
have eight electrons in the outermost shell in or- 
der to attain stability: (OR) 

Simply the desire of an atom to have electrons 
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in the last shell is called octet rules: For example 
oxygen atom has six electrons in its valence shell- 
{€ shares or gains two electrons in its outermost 
shell and attains the stability by completing its 
outermost shell with eight electrons: 

b: Duplet Rule or Rule of Two: 

Definition: “The tendency of an atom to have 
two electrons in the valence shell in order to get 
stability is called duplet rule or rule of two-” For 
example, hydrogen has one electron in its outer- 
most shell- It gets one electron or shares its one 
electron to complete its valence shell by two 
electrons to get stability. Similarly Helium has 
two electrons in its valence shell and is stable: 
Elements in group VIlIA of the periodic table 
[noble gases] have complete duplet [He] and oc- 
tet [Ne, Ar, Kr, Xe] and therefore are stable: 
They rarely take part in chemical reactions to 
form compounds: 


“He” has 2-electrons in These atoms have 8-electrons 
its valence shel! in their valence shells 


Krypton 


2: The Orbital Concept: 
This concept is based on. the combination of 
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atomic orbitals to produce molecular orbitals: The 
atomic orbitals which have one electrons each 
when come close to each other: They overlap 
each others: In this way the atomic orbitals are 
completed by two electrons: Linear overlapping of 
atomic orbitals results in the formation of a sig- 
ma bond while sidewise overlapping of atomic or 
bitals results in the formation of pi (x) bond: 


For example: 
Of =7s, 287, 2p* 
O° = 1s*, 2s?, 2px’, 2py', 2pz” 
OF = 1s", 2s*, 2px’, 2py’, 2pz? 


Sidewise overlapping 


Linear overlapping 


SCIENTIFIC INFORMATIONS 
Valence Shell: The last shell of an atom is called 
valence shell / outermost shell- 

Valence Electrons: Electrons present in the va- 
lence shell of an atom are called valence elec- 
trons: . 

Bonded Electrons: Electrons taking part in bond 
formation are called bonding electrons: 
Non-Bonding Electrons: Electrons which do not 
take part in bond formation are called non- 
bonding/lone pair of electrons: 
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6) electrons 
- Non “bonded 
2, electrons 
OO erg 
ie Bonded electrons 


i shells 


Q2: Define chemical bond and chemical bonding: 
What are the various types of chemical bonds? 
Ans: Chemical Bond: 
“The attractive force which keeps atoms togeth- 
er in a stable molecule or opposite ions in a com- 
pound is called chemical bond-” 
Chemical Bonding: 
“The way by which atoms join together and then 
combine together is called chemical bowding-” 
(OR) the process of formation of chemical bond 
is called chemical bonding: 
Types of Chemical Bonds: 
There are four types of chemical bonds: 
7- lonic bond or electrovalent bond 
2- Covalent bond or electrons pair bond 
3: Coordinate covalent bond / dative bond 
4: Metallic bond 


Q3: What is an ionic bond? Explain with the 
help of examples: 


Ans- lonic Bond / Electrovalent Bond: 
(B8ISE Malakand 2018, Abbottabad 2019) 
Definition: “The type of chemical bond which is 
formed by the complete transfer of electron(s) 
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from one atom to another atom is called an ionic 
bond / electrovalent bond-” (OR) 

“The electrostatic attraction between the oppo- 
sitely charged species is called an ionic bond-” 
Explanation: The transfer of electrons between 
atoms complete the octets and duplets- lonic 
bond is always formed between a metal and a 
non-metal: Metals always lose electrons to form 
cation and non-metals always gain electrons to 
form anion During ionic bond formation metal 
atom loses electrons and non-metallic atom gain 
electrons: Then an electrostatic force of attrac- 


tion is set up between oppositely charged ions: 
This force holds opposite ions together: This at- 
tractive force s called an ionic bond- 
The atom having low ionization energy value will 
lose one or more electrons to form cation while 
the atom having high electron affinity will gain 
one or more electrons to form anion 
EXAMPLES No-1: Formation of NaCl: 
Sodium contains 77 electrons: 1ts electronic confi- 
guration is given as; 

Nd! (2, & 1) 

Na” (13, 287, 2p®, 3s) 
(i) lt loses one electron from its valence shell 
and attain [get] the electronic configuration of 
Ne-10 [a noble gas]- 

Na" (2, & 1) ———> Na‘ + Te 

15%, 28%, 2p®, 38 (2,8) > 18?,28, 2p® 
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(ii) Chlorine contain 17-electrons, having the 
electronic configuration given below: 

Cf” (2, 8, 7] or 15°, 25%, 2p®, 3s*, 3p* 
Chlorine picks up one electron and get the elec- 
tronic configuration of argon-18 [a noble gas]: 

Cf? + Tg ——_> ci 

(2,8,7) (2,8,8) 

(13?,2s*, 2p®, 357, 3p*) (18,2s*,2p°, 337,3p*) 
(iii) Then the positively and negatively charged 
ions attract’ each others by electrostatic force of 
attraction and form an ionie bond: 

Na’ + C] ————> Na‘Cl or NaCl(OR) 


Ni +] ———» NaCl 


Na cl Na+ a ee 
Sodium atom Chlorine atom Sodium ion Chloride ion 
{acation} {a anion) 


——$——— 
Sodium Chloride (NaC!) 


Loses an 
a Gas 


Neutral Na 
atom 


ot Gains an 
electron 


Neutral Cl 
atom 
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EXAMPLES No-2: Formation of CaCl: 

() Calcium loses two electrons to form diposi- 

tive ions: 

Ca ———_> Ca”? + 2@s 
(2,8,8,2) (2,88) 

Gi) Chlorine get one electron for the completion 
of its valence shell- As calcium loses two 
electrons so, two chlorine atoms pick up 
these two electrons and gets the electronic . 
configuration of argon-18 [noble gas]- 
2Cf + 2@ > 2c" 

(2,8,7) (2,8,8) 

(iii) Then one Ca’® and 2C7! ions combine to 
form an ionic compound CaCl,- 
Ca? + 2671 > Call 


TEST YOURSELF 
1+ In what ways do atoms form ions? 
Ans: Atoms form ions by losing and gaining of 


electrons: 
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2: lonic bonds are formed between which two 
types ‘of. elements? 

Ans: tonic bonds are formed between metals and 
non- metals [900d electron loses and good elec- 
tron.acceptors]* 


‘3: State the formula of the ions formed by 
the following atoms: (a) Calcium (2,8,8,2), 
(b) Fluorine (2,7), (e) Lithium (2,1), (da) 
Oxygen (2,6) 
Ans: a: Ca(2,8,8,2) ———> Ca’? (2, 8, 8) + 26 

bs F + Te —__—_———_5 F" 

(2,7) (2,8) 

ac Li (2,1) Li" (2) +7é 

d: 0(2,6)+24 > 07(2, 8) 
4: Draw a diagram to show the ionic bonds in 
magnesiim oxide (M20) and _magqnesium chloride 
CM4Cl,)- 
Ans: Formation of MgO: 


Oco- ® © 


Mg (2,8,2) O(2,6) 


Formation of MaCl.: 
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Why do atoms form ions? 
Ans- Atoms form ions in order to complete 


their duplet and octet as they can’t complete 


their valence shell by electron sharing: 


Q4: Explain covalent bond with the help of ex- 
amples- 


Ans- Covalent Bond: 
(Peshawar 2079) 
Definition: 


“The type of chemical bond which is formed by 
the equal sharing or natural sharing of electrons 
between two atoms is called a covalent bond-” 

lt is also called an electron pair bond: The shared 
pair of electrons is indicated by a dash (-), be- 
tween two bonded atoms: Covalent bond was in- 
troduced by G N Lewis: The energy of the cova- 
lently bonded atoms is always less than the sepa- 
rated atoms: Thus a covalent molecule / com- 
pound is more stable than the separated atoms- 
The shared pair of electrons remains between the 
two bonded atoms: These shared electrons are 
called localized electrons: Covalent bonds are 


formed between two non-metals- 
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Examples: 
HoH — HiH 
2€]-« C3 —> :€): Ch 
Hx-Cfs-——_—» H®E] 
Hx: + HO: 


H 


H 
Gs 
ar) © (0) £9) = 


© {H) > Covalent 
4 bond 
Formation of HBr molecule ©. 


SOCIETY, TECHNOLOGY & SCIENCE 
Glue is a substance that causes two surfaces to 

be bonded together The term is commonly used 
interchangeably with adhesive: An adhesive holds 
materials together: There are different types of 
adhesive e-g: cement, glue etc- There are many 

natural and synthetic adhesives in use: Adhesives 


can also bé used as coatings on the surfaces 
that are subjected to corrosion and rust: Adhe- 
sives are also used in many repair applications: 
These are commonly used to fix broken dishes 
and to make other repairs that would be im- 
possible or difficult by other means: This can al- 
$0 provide improved mechanical strength: A pop- 
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ular application of adhesives is to encapsulate 
electronic components, providing protection for 


that component against environmental and me- 
chanical damage- 


EXAMPLE 4-1: Draw_an electron dot and cross 


diagram for HCl. Label the single bond and the 
lone pair: 
Solution: 


Se N 


Hx Cc —-+» Lone pair 


eae 


Bond pair 


PRACTICE PROBLEM 4-1: 
Draw _an_ electron dot and cross diagram for 


H,0- Label the single bond and_lone pairs: 
Solution: 


Single covalent bond 
Lone pair of electrons 


bond and triple covalent bond: (Mardan 2019) 
Ans: “Depending upon the shared pair of elec- 
trons a covalent bond may be: 


7: Single covalent bond 
2: Double covalent bond 
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3: Triple covalent bond 
1 Single Covalent Band: 
Definition: “A covalent bond whith is formed by 
the equal sharing of one-one electron or one elec- 
tron pair is called a single covalent bond-” It is 
represented by a single straight line: 
Examples: Hz, Cla Fz ete- 
(4) Cl: Chlorine molecule is formed from two chlo- 
rine atoms: The electronic configuration of chlorine 
atom is Cl-717 [2, 8, 7]: A chlorine atom has seven 
electrons in its valence shell The two chlorine 
atoms mutually shares one-one electron with each 
other to form chlorine molecule [Cl]- Therefore, 
both chlorine atoms attain inert gas (Ar) electronic 
configuration and complete their octet: 


Cl = 2,8,7 =2,8,7 


OGG) 


cl+ cj) ——__—_____s Cl2 
Molecule of Chiorine 


(b) Molecule of Methane, CH, [At No: H=1, C=6): 


Carbon has four. 


electrons in ivf H 
outermost shell | 
and needs four | () @) Hx» Co H 
more electrons to | 


H 
Molecule of Methane 


attain the noble 
gas [Ne] configura- 
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tion’ Therefore four atoms of hydrogen equally 
share one electron each with a carbon atom and 
form four single covalent bonds: 

2: Double Covalent Bond: 

Definition: “The type of covalent bond which is 
formed by the mutual sharing of 2, 2 electrons or 
two electron pairs is called a double covalent 
bond-” It is denoted / represented by two straight 
lines (=): Examples are Oz, C2H4, COz ete- 

(a) Oxygen Molecule: Oxygen molecule is formed 
from two. oxygen atoms: The electronic configura- 
tion of oxygen atom is OF (2,6): An oxygen 
atom has 6 valence electrons: It shares two elec- 
trons with another oxygen atom to form oxygen 
molecule (Oz): In this way both oxygen atoms 
attain inert gas [Ne] electronic configuration and 
complete their octet: . 


0+0—> Q2 
Molecule of Oxygen 


(Cb) Carbon Dioxide [C02]: In carbon dioxide mo- 


lecule formation, carbon atom shares four elec- 
trons with two oxygen atoms and form two 
double covalent bonds- 
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OO) 


O=C=0 
Molecules of Carbon dioxide 


¢) Formation of Ethene Molecule [C,He]: 


3: Triple Covalent Bond: 

Definition: “The type of covalent bond which is 
formed by the equal sharing of total six electrons 
or three electron pairs is called a triple covalent 
bond-” It is represented by three short straight 
line (=)- In a triple bond each atom contributes 
three electrons each: ; 
EXAMPLES: 

(4) Nitrogen [N2]: Nitrogen jiolaeuls is formed 
from two nitrogen atoms: The electronic configu- 
ration of nitrogen N’ = 2, 5S- A nitrogen atom 
has five electrons in its valence shell and it shares 
three electrons with another nitrogen atom to 
form nitrogen molecule: In this way, both nitro- 
gen atoms attain inert gas [Ne] electronic confi- 
guration and complete the octet: 
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N(2,5) N(2\5) 


O-O-CE 


N+N ————————» NEN 
Molecule of Nitrogen 


(b) Formation of C,H, [Acetylene] Molecule: 
S224 Hl =T 


SCIENTIFIC INFORMATION 

Sharing of electrons in the formation of covalent 
bonds rather than complete transfer from one 
atom to another atom as in the formation of 
ionic bonds depends upon the electro- negativity 
difference between the two bonded atoms- 

If electronegativity difference is less than 1-7, 
then bond will be covalent: If electronegativity 
difference is greater than 1-7 then the bond will 
be ionic: If electronegativity difference is equal to 
1-7 then the bond will be 50% ionic and 50% co- 
valent: 

Activity 47 

Classify the following substances as covalent or 
ionic: CO2, NaCl, HO, C>Hs, MgCl, HCl 
Solution: 

Covalent compound =.CO,, HO, CH, and HCl 
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lonic compound == NaCl and MgCl, 
COz, H20, CgHg and HCI are covalent because 
these are formed by the sharing of electrons be- 
tween non-metallic elements: 

NaCl and MgCl, are ionic compounds because 
these are formed by the complete transfer of 
electrons from metallic elements to non-metallic 
elements: 


EXAMPLE 4-2: Which one of the following is 
(1) uncombined_atoms (2) molecules (3) and 
consist of ions? => : 
(a) 0. (b) Ne = (<) NO» 
(d) KCl (e) Na,0 


Solution: 

(a) O2 +> Molecule 

(b) Ne > Uncombined atoms 
(c) NO, > Moiecule 

(d) KCI + Consist of ions 


(e) NazO > Consist of ions 

PRACTICE PROBLEM 4-2: 

Which one of the following is (1) uncombined 

atoms (2) Molecules and (3) consist of ions? 
(a) H, (b) He (¢e) Hcl (d) Hgo 


Solution: 

(a) H, > Consist of molecules 

(b) He > Consist of uncombined molecules 
(¢) Hel — Consist of molecules 

(d) Hg0 > Consist of ions . 
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Q6: What is coordinate covalent bond/dative 
bond? Explain with the help of examples: 
Ans: Coordinate Covalent Bond/Dative Bond: 
(Mardan 2018, Kohat. 2079) 


Definition: “The type of chemical bond in which a 
shared pair of electrons is donated by only one 


atom or negative ion is called a coordinate covalent 
bond-” I€ is also called a dagive bond- A coordinate 
covalent bond is formed between those molecules in 
which one atom has ‘excess [lone pair] of electrons 
and the other is electrons deficient (, O, having less 
than eight electrons in the valence shell- The atom 
which donates electron pair for bond formation is 
called a donor atom while the atom which accepts 
an electron pair is called an accepter atom: Coordi- 
nate covalent bond is represented by an arrow (>) 
which is pointing from the donor atom towards 
the accepter atom- The resulting compounds having 
coordinate covalent bonds are called coordination 
compounds: 

EXAMPLES: 

Formation of Ammonium fon [N"H.]: 

in ammonia molecule nitrogen atom has a lone 
pair of electrons which is donated to hydrogen 
ion [H'], having no electrons at all and needs two 
electrons to complete its 1 shell- In this case 
nitrogen is donor atom and hydrogen ion [H'] is 
aecepter- - 
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Formation of Hydrenium lon [H,0°]: 
Oxygen atom in water molecule has two lone pair 
of electrons and donates it to hydrogen ion [H'] 
and thus form hydronium ion’ Here oxygen is do- 
nor atom and H’" ion is accepter- ‘ 


Addition Compound of NH, and BCl,: 

The nitrogen atom of ammonia (N H,) has tone 
pair of electron and is electron rich specie: The 
Boron atom of BCI, is electrons pair deficient to 
complete its octet- Nitrogen donates lone pair of 
electrons to Boron and thus a coordinate covalent 
bond is formed: As a result an addition compound 
is formed, whith is called aduct- 


qe ae, o. 
CHB +:NkH — Cl—8 IN—H—+|¢l—Be—2N—H 
ad oH cd oH L oa H 


Simplify: 
| : 
H,Ni +°BCl, ——» H;N — BCI; 
Lewis Structure: (Bannu 2019, Abbottabad 2019) 
In Lewis. structure, the lone pair / non-bonded 
electrons are represented by dots or cross and 
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shared pair of electrons are represented by line 
() between atoms: Lets draw Lewis structure 
for water molecule: 


EXAMPLE 4-3: Draw the Lewis structure of 


hydrogen sulphide, H25- 
Solution: ' 


Practice problem 4-3: 
Draw the Lewis structure of NH, [ammonia]: 


Solution: 


1: Which group of elements forms covalent 
bonds? 

Ans Non-metals [VIIA] form covalent bonds: 
2: How is a covalent bond formed between two 
atoms? 

Ans: A covalent bond is formed due to equal 
sharing of electrons between two similar or two 
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different atoms: 


3: How many electrons are shared in a: (a) sin- 
gle covalent bond (b) double covalent bond? 


Ans: Two electrons are shared in single covalent 
bond and four electrons are shared in double co- 
valent bond: 


4: Draw a dot and cross diagram to show the 


bonding in each of the following molecules: (a) 
Chlorine [Cl] (b)- HE! (¢) NH; 


Solution: 


22): 6 ——+ :€] - /> 


Q7: Explain polar and non-polar covalent bonds: 


Ans: Depending upon the electronegativity values 
of the two bonded atoms or nature of the two 
bonded atoms, there are two types of covalent 
bonds: 

7- Non-polar covalent bond 

2: Polar covalent bond 
Non-Polar Covalent Bond: 
Definition: “The type of covalent bond which is 
formed by the equal sharing of electrons between 
two similar atoms is called @ non-polar covalent 
bond-" For evample; Hz, Clo, Nz, O2, Br2 ete: 

HxeH—>H-H 
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Cl x e Cl ———>5 C/ - Cl 
&r x © BF ——_—_> &r - Br 
O *0 ——_>0=0 


) 


Hydrogen, Hz 


: 


Chlorine, Clz 


In the above cases, the covalent bonds are 100% 
non-polar, because these bonds are formed be- 
tween two similar atoms: The shared electrons 
are equally attracted to both the nuclei: Non- 
pelar covalent bond can also be defined as “a co- 
valent bond formed between two different atoms 
having electronegativity difference less than O-4 
or equal to O-4-” Example is CH,- 

ln case of CH, [methane] the electronegativity 
difference between carben and hydrogen is O-4 so 

- it is also a non-polar bond- 
C=2:5 


H=2:7 
Difference = 0-4 
Polar Covalent Bond: (Mardan 2078) 


Definition: “The type of covalent bond which is 
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formed by the equal sharing of electrons between two 
different atoms having electronegativity difference 
greater than O-4¢ is called a polar covalent bond-” 

In case of different atoms, the atom with great- 
er electro-negativity value attract the shared 
pair of electrons more towards itself and will get 
@ partial negative charge while the othef atom 


gets partial positive charge: Molecules with par- 
tial charges on atoms are called polar molecules: 


EXAMPLES: a 
Hicl ——-» H-—Cl 
; 21 30 
H: & — H-o 
: H 


Ammonia 
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TEST YOURSELF 


S-No- | Compound Ch-symbo/ Lewis 
formula Structure 
7 Ammonia | NH; Hx Hy, 
NexH—  >N-H 
: Water H. Hi0%H —> H-O Polar 
Hj bond 


: Hydrogen | HCI Hexd > H-C | Polar 
chloride bond 

4 Nitrogen NEN—> NeW | Nor- 
polar 


2 en | 
| 
2 Non- 

polar 
Methane | CH, H H Non- 
HoH —» H-COH | polar 
H H 
ia 
taal 
i lead 
: ea 


7: Hydrogen | H. HexH>H-H {| Non- 
polar 
Phosphine 5 -Po—> OP 

or cane 
aa a 
dioxide ae 
if een ee 
Q8: Explain metallic bond in’ detail- 


Ans: Metallic Bond: (Mardan 2019) 

' Definition: “The force of attraction between posi- 
tively charged metallic nuclei and electrons 
gas/sea/cloud is called metallic bond-” (OR) 

“The chemical bonding that result from the attrac- 

‘tion between metal positive ions and the surround- 
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ing sea of electrons is called metallic bonding-” 

In 1923, Lorentz put forward electrons gas or 
electrons sea theory: According to this theory 
valence electrons in metal atoms are generally 
loosely bound due to large atomic sizes of metal 
atoms and weak attractive force between nucleus 


and valence electrons: These loosely held electrons 
move freely: These are called conduction elec- 
trons: These free electrons form a pool or gas or 
sea around metal positive ions: These free elec- 
trons also create a negative atmosphere around 
the positively charged metals: There are two 
types of forces atnong the metals of ‘metallic 
crystals: (BISE Abbottabad 2079) 
7. Attractive forces among the electrons sea 
and positive ions 
2- Repulsive forces between the positively 
charged ions: 


° 
. 
é 
? 


CO00O® 


= 


¢ 

by 

we 
* 
: 
: 


0000 


@OOGGOGD 
©O000000 
0000000 
09000000 


Oo 
OQOOGOOO 


OOEGOOOO 
OOOO 


The metal ions are held together at the distance 
where attractive and repulsive forces balance each 
others: The free electrons do not belong to any 
single atom anymore and are set free to move 
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throughout the entire WS ) bulk Y) “body” of 
metal: No electron is allowed to escape from the 
bulk- 
> Metallic bonds are neither ionic nor covalent, 
because they are neither formed due to elec- 
tron transfer nor due to sharing of electrons 
between the atoms: eo ade 
> Metallic bond does not result in the forma- 


tion of a new molecule or compound: 

> The metallic bond is present between metal 
atoms like aluminum [Al], silver [Ag], copper 
[Cu] and platinum [Pt] ete- 


Activity 4-3 
Identify_ten (10) common substances in and 
around your home and indicate whether you 
would expect these substances to contain ionic 
covalent or metallic bonds? 
Ans- The names of ten common substances in 
and around my home are: 
7- Common salt [NaCl] 2: Sugar 
3+ Natural gas 4+ Water 5- Iron 
6- Silver 7: Oxygen 
&- Polyethylene [plastic] 9+ Vinegar [£7] 
10: Carbon dioxide [CO2] gas 
7- NaCl contains ionie bonds 
2: Sugar contains covalent bonds : 
3+ Natural gas [CH] contains covalent bonds 
4- Water [HO] contains covalent bonds 
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fron contains metallic bonds 

Silver contains metallic bonds 

Oxygen [O,] contains covalent bonds 
Polyethylene [-CH,-CH.-], contains cova- 


lent bonds 
Vinegar [CH;COOH solution] contains co- 
valent bonds 

- Carbon dioxide [CO] contains eouaient 
bonds 


Q9: Explain the shapes of some covalent mole- 
cules- ‘ 


Ans- Shapes of Molecules: 4 
Shape means 
the, arrangement 
of ‘atoms in a 
molecule and the 
angles between 
them: Molecules 
cannot be seen 
with naked eye, 


ae 


a2 os 


Bent Linear 


Bent men pyramidal 
cn 
FS 129 OF 

size” However 

various = experi- 

ments and analysis performed by scientists shaw 
that molecules have different shapes like linear, 
bent, triangular, tetrahedral, pyramidal and bipy- 
ramidal ete- For example, the molecular shape of 


due to its ex- 
tremely small 


Tetrahedrat 
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CO, is linear, the water molecule is angular, BF; 
has trigonal planer, CH, is tetrahedral and ammonia 
[NH] is trigonal pyramidal- 


QIO: Write a note on intermolecular attractive 
forces: What are its types? a 
Ans- Intermolecular Attractive Forces: 
(Mardan 2079) 
Definition: “The forces whith hold molecules to- 
gether are called intermolecular attractive 
forces-” (OR) . 
“The forces which bring the molecules close to- 
gether and give them specific physical properties 
are called intermolecular attractive forces-” 

(OR) 
“The forces of attraction present between mole- 
cules are called intermolecular attractive forces” 
Explanation: Intermolecular forces are the weaker 
forces of attraction: These are 25 times weaker 
than the covalent bond: For example; for breaking 
hydrogen-oxygen covalent bond in water molecule, 
464Kj/ mol energy ‘is required while only 
79Kj/mol energy is required to break intermolecu- 
lar attractive force among water molecules: 


H,O > 24+ 0 AH = 464Kj/mol 
OR H - 0H+ H+ OH . 
H,0,,, ———> H,0,,, 19Kj/mol 
Hi-9-—H-0—+H-0+H-0 
H H H H 
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Intermolecular attractive forces depend upon the 
distance between molecules: Longer the distance 
weaker will be the intermolecular ‘attractive 
forces: That is why the intermolecular forces are 
much weaker among the molecules of gases, whe- 
reas these are stronger in the molecules of liquids 
and much stronger in solid molecules: 
intermolecular attractive forces affect the thermo- 
dynamic properties of substances: For example the 
melting point of solids and the boiling points of 
liquids depend on the strength of these forces: 
Tupes of Intermolecular Forces: ; 
There are three types of intermolecular attractive 
forces: 

7- Dipole - dipole forces / interactions 

2: Hydrogen bonding 

3- London dispersion forces 

Collectively these weak intermolecular attractive 
forces are called Vander Waal’s forces: 


Qi1: Write a detailed note on dipole - dipole in- 
teractions: 


Ans: Dipole - Dipole Forces: 

Definition: “The attractive forces between the 
positive pole of one dipolar molecule and the neg- 
ative pole of another polar molecule are called di- 
pole - dipole forces-” 

Explanation: Dipole - dipole force is one percent 
[14] effective as compared to covalent bond: A 
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molecule having two oppositely charged poles is 
called a dipolar molecule or simply a dipole: e-g: 


[H? -CN] 
A polar mo- dipole-dipole force 
lecule has jj 


partial nega- 
tive charge 
on the more 
electronega- 
tive atom 
and a@ partial 
positive 


charge on the 
less electronega- 
tive atom: Exe - 
ample are NO, 
‘H2S, H20, NH; 
and HClI- 

Hydrochloric acid 
[HCl] is @ polar 
molecule: {ft has 


partial positive [Hydrogen Bonding in HCI] 


charge on hy- 
drogen atom and partial negative charge on chlo- 
rine atom: The partial positive hydrogen atoms 
of one HCI molecule attract the partial negative 
chlorine atom of another HCl molecule and thus a 
dipole - dipole force is set up- Dipole - dipole 
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interaction in HCl is relatively weak; ‘als 
3:3Kj/mole energy is required to break this inte- 
raction’ The force of attraction between “HC|” 


. molecules is so weak that hydrogen chloride [HCI] 
boils at -85C’- he 
The strength of dipole - dipole forces depend 
upon two factors: 7 
7- Electronegativity difference between the two 
bonded atoms: 
2: Distance between the two molecules: 

& Higher the electronegativity difference be- 
tween the two bonded atoms, stronger 
will be the dipole - dipole forces: For ex- 
ample, stronger dipole - dipole forces are 
present in HF molecules as compared to 
HCI molecules- 

> Longer the distance between the mole- 
cules weaker will be the dipole - dipole 
forces: 


Qi2: Explain hydrogen bonding with the help of 
examples:. 


Ans: Hydrogen Bonding: (Peshawar 2079) 
wDéfinition: “The attractive force between the 
partial positive hydrogen atom of one molecule 
and the partial negative Oxygen, Fluorine or Ni- 
trogen atom of the other molecule is called hy- 
drogen bonding-” Hydrogen bond is represented 
by dotted fines [......]- Hydrogen bond will be 
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.present only in those molecules where hydrogen is 
directly attached to Oxygen, Nitrogen or Fluo- 
rine’ There will be no hydrogen bonding among 
those molecules where hydrogen atom is attached 
to other atoms than Oxygen, Nitrogen and Fluo- 
rine: 

The energy required to break hydrogen bonding is 
25-33Kj/mole- The strength of hydrogen bond is 
twenty times less than that of a covalent bond: 
EXAMPLES: 


aycronen toning 


EXAMPLE 4-4: Which of the following form 
hydrogen bonds? 

(a) HF (b) CoH, = (¢) HBr 

(4) NH, (e) H 

Solution: 

HF will form hydrogen bonds because here hydrogen 
atom is directly attached to a smail sized highly 
electronegative fluorine atom which is the require- 
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ment of H-bond: (b, c, d, e)>CoHy, HBr, NH, 
and Hz will not form hydrogen bonds, it is because 
in case of CoHy, HBr and H., hydrogen atoms are 
not attached to Nitrogen, Oxygen or Fluorine 
atom which is the requirement of H-bond: 

in case of NHy, although hydrogen is directly at- 
tached to Nitrogen but Nitrogen atom has not 


partial negative charge as well as no lone pair of 
electrons: 


PRACTICE PROBLEM 4-4: 

Which of the following substances are expected 
to form hydrogen bonds? 

(4a) H20 (bh) CH3OH (ce) NH; 

Ans: All the three will form hydrogen bonds be- 
cause in case of HO ahd CH30OH, hydrogen is 
bonded directly to oxygen atom and in case of 
NH,, hydrogen is directly attached to nitrogen 
atom which is the basic requirement of H-bonding: 


H 
fare 


H3C— 6 ai, H- Ne 
res ! ih 
H CHy h H 
Hydrogen bonding Hydrogen bonding Hydrogen bond 


Q13: Write down the applications of hydrogen 
bonding: 


Ans- Applications of Hydrogen Bonding: 
7; Hydrogen bonding explain the weak acidic 
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&° strength of HF as compared to HCI, HBr, Hie 
ro Large protein molecules in living things .are 
_, stabilized due to hydrogen bonding: For ex- 

ample fibres, hair and muscular proteins are 
stable due to hydrogen bonding: : 

3: Thousands of hydrogen bonds are present in 
DNA and RNA nucleotides, which give sup- 

| port to keep close the two helix twisted 

~~ around each others: 

47: Hydrogen bonding is present in paints (L, 

_ dyes and glue which increase their adhesive 

_ We2Z) and sticky property: 

Se Hydrogen bonding also stabilizes food mate- 
rials like glucose, fructose, sucrose and carbo- 
hydrates: 

6: Hydrogen bonding is present in thread US») 
like materials which increases rigidity (*) 
and tensil strength of thread- 

7: The high boiling point of water ( 1000") is 
also due to strong hydrogen bonding between 
water molecules: 


QI4: Write down the properties of hydrogen - 
bond- 


Ans: Properties of Hydrogen Bond: (Kohat 2019) 
7- ‘Hydrogen bond is stronger than dipole - di- 


pole forces and weaker than covalent bond- 
2: It is twenty times weaker than a covalent bond: 
3: Hydrogen bond is directional (3)- 
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4- Hydrogen bond results in the formation of 
long chains and network of molecules: 


QIS: Write down the properties of ionic com- 
pounds: 


Ans: Properties of lonic Compounds: 

(Malakand 2078) 

T-  lonie compounds are solid at room temperature: 
' These are hard and brittle (Lb29- 


2 
3: These have high melting point and boiling values 
4- Soluble in polar solvents like water: 
5- Good electrolytes in solution form and in 
molten state- 
6- Conduct electricity in solution form as well as 
in molten state: : 
7: Their reactions are very fast in solution form: 
8: They are non-volatile [non-evaporatable]- 
9- They have high densities: 
j 70- lonic compounds have non-directional ionic bonds: 
71- Composed of cations and anions: 


QI6: Write down properties of covalent compounds- 


Ans: Properties of Covalent Compounds: 
The properties of these compounds depend upon: 


7 Geometrical shape of molecules 
+ Polarity and intermolecular forces 
> Type of bond [single, double, triple] 
Some of the important properties are: 
7- They have low melting point and - boiling 
point values- 
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2: They are non-electrolytes in solution form- 

3: The bonds in covalent compounds are direc- 
tional: ; 

4- The crystals of covalént’ compounds are com- 
posed of molecules: : 

5: Chemical reactions of covalent compounds are 
slower than those of ionic compounds: 

6- Polar covalent compounds are soluble in polar 
solvents like water and Alcohol while non- 
polar covalent compotinds are soluble in non- 
polar solvents like Benzene [C;Hg], Acetone 
[€:HsO] and Carbon tetrachloride [CCl,J- 


Qi7: Write down properties of metallic compounds: 


Ans: Properties of Metallic Compounds: 
(Mardan 2079) 


As metal atoms are held together by metallic 
bonds, due to metallic bond no new compound is 
formed so properties of metallic crystals will be 
the same to those of metallic elements: 

7- All metals are solid at room temperature, 
and normal pressure except mercury [Hg] 
which is in liquid state- 

They are malleable (zids)- 

3: They are ductile (4.0) 

They are good conductors of heat and elec- 
tricity: 

S- They have shiny surfaces [lustrous]- 

6- They are sonorous [produces a specific sound 


) 
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when beaten] 
7: They are soft: 


Malleable: Elements which can be drawn into 
sheets and foils when hammered in hot form / 
state: 
Ductile: Elements which can be drawn into wires 
when stretched in hot form / state: 

Sonorous: Elements which produces a ringing 
sound when struck with hummer WU»): 


SCIENTIFIC INFORMATIONS 
The greater the charges on the ions of an ionic 
compound, the higher will be its melting point: 
For this reason, the melting point of magnesium 
oxide [MgO] is 28OOC’- So it can be used as 
refractory material for lining [coating] of furnac- 
es (3)- lt means that it is fire proof 


Activity 4-4: 
The T* column in the table below lists some 
general properties of metals» Complete the 24 
and 3” columns of the table- 
General Correct One use that de- 
property name for pends on this prop- 
of metals | this proper- | erty 

ty 
Can be Electric wires 
drawn into 
wires: 
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Can be 
bent into 
shape 


Reflect De- Ornaments/jewellary 
light excitation 


Make a Sonorous Musical wires 


Statues / utensils 


ringing 


sound 
when 
struck 


Allow elec- | Conductors | Used as electric 
tricity to 
pass 


through 
heat well ductor oe! A 
tS ieee? & 
lt etent P6at tether & 
Uti fsigEaltalnladto Se gerbe & 
unt ft 

ee LL Lovie CHOLES & 
Bn Might iinceg ube rier ®& 
SegdiifocuteteSeaof ter Gg tKigLpf ®& 
2b 5 c 

wtp FES PI epr alae surustKti @ 

esha” 


wires 
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Choose the correct option: 
7; An atom with a charge is called: 
(a) An electron (b) A molecule 
(¢) A metal (d) An ion’ 
2- An element “X” in group VIA of the periodic 
table, the ion will be represented by: 
(a) xX (b) x 
(c) X2V (d) x? 
3- Which pair of elements will‘join to form a 
compound with one to one ratio? 
(a) Mg and Cl (b) Na and O 
(¢) K and Ff  (d) Li and $ 
4- When calcium atoms become a calcium Ca™* jon? 
(a) tt loses an electron 
(b) It loses 2-electrons/ 
(e) lt gains electron 
(d) Gains two electrons 
5- Which two elements will form a covalent 
compound? 
(a) Na and O (b) Cu and O 
() Cand Of (d) Mg and O 
6- In the formation of ionic bond, the atoms 
taking part- 
(a) Only gain electrons 
(b) Share electrons 
(Ce) Lose and gain es4 
(d) Only lose electrons 
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7 Fluorine has an ‘lectronic configuration 2, 7 
and oxygen 2,6- The formula of fluorine 
oxide will be: 

(a) FO (6) F20¢ 
(2) FO; (d) F202 

& Which of these elements about covalent bond 

is incorrect? 
(a) HCl contains one pair of shared electron 
(b) CCl, contains four pairs of shared electron 
(¢) HO contains three pairs of shared electron/ 
(d) NH, contains three pairs of shared electron 

9: Which of the following ions do not have the 
electronic configuration of an argon atom? 
(a) Ca‘? (b) $? 

(e) K (d) OV 

70- Which one of the groups below contains only 
ionie compounds? 

(4) CaO, HCl, MgO 

(b) CaO, MgO, NaCl’ 
(¢) CO, CuSO,, HCl 
(4) CuSO,, CH, NaCl 


Short Questions 


Answer briefly the following questions: 

Ans: The model of bonding in metals, in which 
electrons are supposed to form a sea in which 
positively charged metal ions are floating and are 
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held together is slictrons sea model: 


Q2: Why most atoms are chemically bonded to 
each other atoms in nature? 


Ans: The energy of the separated atoms is higher 
than the bonded atoms: lt means that the com- 
bination of atoms give a stable molecule through 
emission, of energy: 


H # H ——> H-H+tE 
[Higher in energy & unstable] [lower in energy & stable] 


Q3: Identify and define the four major types of 
chemical bonding: 


Ans: The four major types of chemical bonds are: 
C)) ionie bond (2) covalent bond (3) coordinate 
covalent bond and (4) metallic bond- 

1 lonic_ Bond: “The attractive force which holds 
oppositely charged ions together in a stable com- 
pound is called ionic bond-” 

2- Covalent Bond: “The type of chemical bond 
which is formed by the. equal sharing of electrons 
between two atoms is called a covalent bond-” 

3: Coordinate Covalent Bond: “The type of 
chemical bond in which the shared pair of elec- 
trons is donated by one atom is called a coordi- 
nate covalent bond-” | | 

4- Metallic Bond: “The force of attraction be- 
tween metal atom ionsiand electrons sea is called 


a metallic bond:” ; 
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Q4: Arrange the following from strongest to 
weakest attraction Covalent bond, Hydrogen 
bond, lodine bond, dipole-dipole interactions- 
fins) lonic bond > covalent bond > hydrogen 
bonding > dipole - dipole interactions: 


Q5: Why ionic compounds are good electrolytes 
in molten and solution form and not in solid 
state? 
Ans: lonic compounds are good conductors in so- 
lution form or in their molten states: It is be- 
cause there is a free movement of ions in solu- 
tion form when electric current is passed 
through: We know that flow of ions./ charges is 
called current: Similarly, jonic compounds are bad 
conductors in their solid‘ states because there is 
no free movement of ions in solid state- 


Q6: What type of elements / atoms tend to 


form the following types. of bonding? 

(b) Covalent (¢) Metallic 
Ans: (a) lonic Bond: Oppositely charged ions form 
ionic bonds or metals and non-metals form ionie bonds: 
Covalent Bond: Non-metallic elements form cova- 
lent bonds: . 
Metallic Bond: Metallic elements form metallic bonds: 


Q7: Give an example of @ non-polar molecule 


with polar bonds: Give reasons: 


Ans CCl, is the example! of a non-polar molecule 
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‘with polar bonds- : 

> The electronegativity of 

' chlorine is greater than that 
of carbon so chlorine atoms 
get partial negative charge 
and carbon atom gets par- 
tial” positive charge- Thus the carbon - 
chlorine bonds become polar 

> Overall this molecule is non-polar because 


small sized partial positive carbon atom is 

surrounded by large sized partial negative 

chlorine atoms: Thus overall a negative at- 

mosphere/ cover spread over the partial 

positive carbon atom and shield it- Thus. 

the molecule becomes non-polar as a whole: 
The Dipole Moment—of-the—metesule is Zero so it 
is non-Polar- Other examples are CO, BF3° 


Q8: Predict the bond type [ionic, polar covalent, 
norpolar cavglent] in each of the following: 


@) Call, (b) H,0 (¢) CO, (a) C,H, 


Aas: : ces 

(a) CaCl: “contain Tonle bond ~~~ 
(b) H,0: “contain polar covalent bond 
(t) CO: contain polar covalent bond 


Ad) CoH, contain non-polar covalent bond 


Q9: Why ionic compounds are good conductors 
_ |eompared to covalent compounds? 


‘Ans: lonic compounds are composed of ions and 
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good conductors in solution form due to free 
movement of ions: On the other hand covalent 
compounds do not contain ions and are bad con- 
ductors because there is no free movement of 
ions when electric current is passed through their 
solutions- 


QI0: Give the reason that why dative bond is 


always polar? 


Ans- Dative / coordinate covalent bond is always* 
polar because in coordinate covalent bond, when 
the donor atom donate electrons pair for bond 
formation, deficiency of electrons creates on the 
donor atom and partial positive charge is created 
on the. donor atom: Similarly when the accepter 
atom accept electrons pair for bond formation a 
partial negative charge is created on ‘accepter 


atom and hence coordinate covalent bond becomes 


polar- 
Example: ; : 


o™ + 8 
H3N + co H3N i BCls 


+ 
(Acceptor atom) (Polar bond) 
(Donor atom) 
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QI: Describe the octet rules in terms of noble 
gas configurations and stab. 


fins: We know that noble gases are the elements 
of group VINA in periodic table- Noble gases can 
exist in free state under normal conditions of 
temperature and’ pressure: It is because the va- 
lence shells of noble gases are fulfilled which re- 
flect their stability. The valence shell of helium 
[He] is complete by 2-electrons and the rest of 
noble gases have S-electrons each in their valence 
Shells: 

Except noble gases, all other elements have in- 
complete valence shells and are unstable- For 
gaining stability [which is the rule of the un- 
iverse], they gain, lose or share electrons to get 
the electronic configuration of noble gases: 
Example: 

Ca” __—___» Ca"? + 2@s 

2,8,8,2 [2,8,8] electronic configuration of argon {noble gas] 
0% +2— ——_> 0” 

2,6 2,8— electronic configuration of neon [noble gas] 


Ca? + 07? ——_> C40 


In this compound both Ca and O has the stable 
electronic configuration of noble gases and they 
have complete octet: “Ca” has completed its octet 
by losing two electrons and “O” has completed its 
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octet by gaining two electrons and thus “CaO” is a 
stable compound: 


Q2: (a) What is the main distinction between 


ionit and covalent bonding? 


fins» The main difference between ionic and cova- 
lent bonding is that; ionic bonding occurs due to 
loss and gain or complete transfer: of electrons 
from metal to non-metal and covalent bonding 
occurs due to equal sharing of electrons between 
two non-metallic elements: 
Examples: 

Nal! ——_5 Na‘ + Te 

(2,8,7) (2,8) 

cl” ——_» er 

(28,7) (2,8,8) 

Na* + Cl —-~——»+NaCl > (ionie bonding) 


H: cl *——>H - Cli (covalent bond) 


(bh) How is electronegativity used_in determining 

the ionic or covalent character of the bonding 

between two atoms? 

Ans: Electronegativity difference between the 

two bonded atoms is helpful in determining the 

nature of a chemical bond: 

lf E-N difference < 1-7 bond is covalent 

If E-N dif€erence > 1-7 bond is ionic 

lf EN difference=1-7 > bond will be 50% ionie 
and 50% covalent 
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Q3: Draw the Lewis structure for each of the 


following compounds: (a) CO (b) HCl (¢c) S02 
(d) CCl, (e) BFe (f) NH; 
Ans: 


ductile but ionic cristals are not? 2 
Ans: Most of the metals are malleable [can be 
drawn into sheets] and ductile [can be pulled out 
into wires]: This is because of the ability of the 
atoms to roll ower each others into new positions 
without breaking the metallic bond: Secondly the 
energy is transferred throughout the rest of the 
metal by the moving electrons . so these are mal- » 
leable and ductile: : 
lonic crystals are not malleable and ductile be- 
cause ionic bonds in ionic crystals are very streny- 
The ionic crystals are tightly packed and cannot 
be compressed to be malleable or ductile: lonic 
crystals break when hammered: These are. brittled 
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QS: (a) What is the meaning of the term polar 
as applied to chemical bonding? 

Ans- The term polar means a covalent molecule 
having partial negative charge on the more elec- 
tronegative atom and partial. positive charge on 
the less electronegative atom- The. molecule is 
called polar molecule and covalent bonds in polar 
molecules are called polar bonds- 


4 - a [polar covalent bond} 
(b) Distinguish between polar covalent bond non- 
olar_ covalent _bonds?. 
Ans: Please see question # 7- 


000 


FRE PF 


PBS Ee Me Pe ie Pur Gf Liee?e @& 


Aeuissebes 

fA writer iheadefnmAciiurike? ® 
unt JE 14 tA 

ist boG tei Cina Zee? ada Flte Gua ® 
HG SER eu 
2B Suntl vos tis ® 


6 GFT PP wg-or! & 
SEW Linking aka tl? ez ® 
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datroduction: —__ 
The whole universe is made up of three things 


fe Wabveem—anergy and space’ eee ree 
Matter: _ 


“Anything that has mass and occupy space -is 
called matter: Matter exists in many states but 
the common most are: 
-~> Selid— . 
is ts GG@S... . 
> Plasma 
+ Liquid-crystals 
+ Super fluids a 
> Super solids and the ay 
+ Paramagnetic ete: Semen 
The cOrtren~tmese~seates -of matter are. Solid, 


liquid as: All the three states of matter are 
imvexaavertable to one anothe- 


yp Melting ! Vaperization 
= lid Freezing : Condes. 23% Ga 
When the temperature oi 


perature of—sotta~ is iacressed it is 
converted into liquid and when the. temperature - 


Of the liquid iS increased it is then converted in- 
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to gaseous state: Similarly by cooling gases can be 
liquefied and by further cooling liquid can ‘be 
freezed- Some substances by heating are directly 
converted into vapours state it is called sublima- 
tion: Sitmitarly by super cooling gases, they—are 


directly converted inéo solid state by passing” the 
liquid state: a ; 


QI: Define gaseous state: Write dur the ctha-_ 
racteristic properties of gases: _. 
Ans: Gaseous State: 

Definition: “The highest ‘energy state of matter 
having no definite shape and no definite volume is 
called gaseous state-” 


In gases the molecules are far away from each 
“others: The intermoiecuiar attractive forces are 
very weak: The molecules can move freely in all 
directions: Gases octupy the whole space available 
to them: 

TYPICAL PROPERTIES: 

(Mglakand 2078,Peshawar 2019) 

1: Imirtnite Volume: 

The gas molecules possess high Kineti? energy and 
chus can move freely: They occupy all the availa- 
ble space and unererure huve no definite—veleme- 
Sases can be expanded-ond rompressed__. 25 


2° Indefinite Shape:— 
* Gases. have no definite shape and ‘adapt Coma) 


- the shape of the container in which it is kept 
ee en ~ 
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3- Diffusion: 
“The random (7) mixing of two different gas 


molecules in order to form a homogeneous mix- 
ture is called diffusion.” (OR) ; 

“The spontaneous GX1#) mixing of the molecules 
of different gases to form a homogeneous mix- 
ture by random motion of collision of the mole- 
cules is called diffusion” 

Rate of diffusion is inversely proportional to the 
mass / density of the gas molecules: Lower the 
molecular mass of the gas molecule faster will be- 
the rate of diffusion and vice versa: 

Example: When a gas having characteristic smell is 
released at one corner'of the room, soon its smell 
will spread in the whole room: Spreading of fra- 
grance G2?) molecules from a high concentration 
region to lower concentration region in a garden: 

4. Effusion: 

“The escape (8) of one kind of gas molecules one 
by one from the container through a hole [hole 
size is equal to molecular size] in the wall of the 
container is called effusion” : 

We can smell the onions even when the bag is 
tightly sealed, due to effusion’ A gas filled bal- 
loon floating up in the room comes down after a 
day or two due to effusign, 
5S: Pressure: (Kohat 2019) 

“Forcesper unit area is called pressure:” Mathe- 


. 
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matically it is represented by P = Ue. Gas mole- 


cules are in continuous state of motion: They 
collide with each others as well as with the walls 
of the container: The SI unit of force is Newton 
and that of area is m’ so the SI unit of pressure 
is N-m? [Newton per meter square]: Nm? is al- 
so called Pascal (Pa): tts bigger form is kilopascal 
(KPa): At sea level and at OC? the atmospheric 
pressure is equal to’ 76cm of mercury, it is 
termed as one atmospheric pressure’ 
7_atm Pressure: The pressure exerted (Wi) by 
76cm long mereury column upon Tem? area at sea 
level at OC is called latm pressure: 

7 atm pressure = 76¢m of Hg 
76mm of Hg 
760 torrs 
101325Nm? 
701325 Pascals 
707-325 kilopascals 
74-7 psi (pound per sq-inch) 
6- Compressibility: (Bannu 2079) 
Gases can be compressed by upplying external 


oT] 


" 


W 


W 


sf] 


‘pressure’ Gases are highly compressible: This is 
because gas molecules have large empty spaces (Je 
£)- When pressure is applied on the gases, dis- 
tance between molecaes decreases as a result vo- 
lume also decreases’ Compressibility of gases can 
be defined as “the change in volume per unit 
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change in pressure-” 
7- Mobility: 
As the gas molecules have weak intermolecular 
attractive forces so gas molecules are in a state 
of constant/continuous random motion. They can 
move from one place to another place: Due to 
mobility property, gases cun be transported 
through pipes over long distances- 
&- Density: 
“fAass per unit volume is called density-” 
ft is clear from the above formula that density is 
inversely proportional to its volume: As gases 
have large volumes so they have low densities: 
Gases have low densities as compared to solids | 
and liquids) At OC? and 7-atm pressure, density 
of gaseous; 4 

Oxyger) = 0-0071424/cr* 

Density of liquid oxygen at -103C 

: = 1:1494/er* 
Density of solid oxygen at -252C° 
. S= 1-4269/em" 

9: Liquefaction: P 
Gases can be liquefied by increasing external pres- 
sure and decreasing temperature- 
70- Gases expand on decreasing external pressure 
and also by heating: 
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Q2: State and explain Boyle's law- (BISE 

Swat 2079) 

° Ans- Robert Boyle in 1762 gave a relationship 
between the volume of a fixed mass of a gas and 


external pressure at constant temperature: 
Statement: : 

“The volume of the given 
mass of a gas is inversely pro- 
portional to the. external ap- 
plied pressure at constant 
ft means that 
volume of a given mass of a 


temperature’ 


gas decreases with the increase 
in external pressure: 
Mathematical form: 


Ve 4 [T = constant] 
Z 5 
V=K Se PV=K, ‘oe 


Where “K,” is called constant for Boyle’s law: 
Where “K,” is called constant for “proportionality: 
from the above equation it is clear that product 
of pressure and volume is a constant quantity: * 
Experimental Verification: 

Take a gas in a cylinder having moveable piston: 
Let its initial volume is (V,) and initial external 
pressure upon it is (P,)- When external pressure 
is increased to (Pz), its volumé will be reduced 


to (V2): 
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Let initial volume = V, = 
Let initial pressure = P, = 2atm 

Let final volume-= Vz = idm? 

Let final pressure = Py = 4atm 

By using and putting values in Boyle's equation, 


we get, 
Pu =k, 
PV, = 2atm-2dm? = 4atm-dm? 
PV, = 4atm-Idm® = 4atm- dm? 


Thus PV, = Pag sesssseseseves Bayle’s equation: 
Graphical Representation: 

When pressure sis plotted 

against volume, @ curve is 

obtained: As the tempera- 1 

ture remains constant so |‘ 

this graph is also called 

isothermic graph- ‘> 
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aumesadwa| qweysuo), 


Increase in Volume 


EXAMPLE 5-1: A _530dm* sample of hydrogen 
as_was collected in a container at S0Omm_ of 


Ha pressure, at room temperature- What volume 
will the gas occupy at 400mm of Ha? 
Solution: 
Initial volume (V,) = 530dm? 
Initial pressure (P,) = 00mmHg 
Final volume (V2) = 
Final pressure (P2) = 400mmHg 
Applying Boyle's equation 
P,V, = P2V2 (OR) 


Py, 
V, = 4 
= P, 
a 
V, = 800 mnthHg x S30dm? _ (1060dm? ) 


400 nf Hg 
PRACTICE PROBLEM 5-1: 


Calculate the initial volume of a sample of gas 
at 1:20 atm: If its volume is changed to 


70-4cem? _as its pressure is changed to 3atm 


at constant temperature: 
Solution: 


Initial volume = V, = ? 
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Initial pressure = P, = 1-20atm 

Final volume = V2 = 70-4em? 

Final pressure = P, = 3atm~ 
Using Boyle’s equation, 

PV, = 


P - 
- Beth! x70-4cem? 


v, 
ij 7-20 otf 


V, = 176cm? 


Q3: State and explain Charles law- 
(Peshawar 2018, Mardan 2018, Abbottabad 2079, 
Swat 2019 
Ans: In 1787, French physicist Jacques Charles 
observed relationship between volume of the giv- 
en mass of a gas and temperature at constant 
external pressure: 

Statement: 

“The volume of the given mass of a gas is direct- 
ly proportional to the absolute temperature at 
constant external pressure-” . 
Mathematical Form: 

VaT (P= constant] 


VEKT 
Vv 
pea) 


Where K, is called proportionality constant K, = 
constant of Charles law: The above equation 7 
shows that the ratio between volume to temper- 
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ature remains constant: 
Experimental Verification: 
Consider a 
gas is en- 
closed in a 
cylinder, 
fitted with 
a moveable 
and friction- 
less piston 
at constant 
external pressure: Let its initial volume is “V,” 
at initial temperature “T,"* When the gas is 
heated, kinetic energy of its molecules increases- 
- As a result the piston moves up and hence vo- 
lume of the gas increases: Let its final volume is 
“V2” at final temperature “T,”- The ratio be- 
tween volume to temperature will remains con- 
stant: This relationship can be written as:.- 


U, V. 
a = 4 —_> [Charles equation] 
T 7, 


Graphical and Diagrammatic Representation: 


Constant Pressure 
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When volume is plotted against temperature, a 
straight line is obtained: As a general rule, when 
there is direct relationship between two variables 
is straight line graph is obtained: 


SCIENTIFIC INFORMATIONS 

Absolute temperature [as given in the state- 
ment of Charles law] means temperature on 
Kelvin scale: Each temperature on the absolute 
scale [Kelvin scale] is 273 times [units] greater 
than the same temperature on the Celsius scale: 
As OC? = 273K- 

Dear Students! 

Whenever the temperature is given on eentivedde 
scale, convert it into Kelvin scale by this formu- 
la: [K = C? + 273] 
EXAMPLE 5-2: If 3dm? of air _is heated from 


300K to 4OOK at constant pressure, then what 
is the volume of the gas at higher temperature? 
Solution: 

Initial volume = V, = 3dm* 

Initial temperature = T; = 300K 

Final temperature = of = 400K 

Final volume = V, = ? 
Applying pei equation 


rr F 
aA 


(or) Vz = 
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LIQUID STATE: 

Liquid state is the state of matter in which in- 
termolecular attractive forces are stronger than 
gases and weaker than solids- These forces of at- 
traction are strong enough (36) to hold the mole- 
cules together but not so strong to stop the 
molecular motions: Liquid molecules have kinetic 
energy: They move randomly: A liquid therefore 
possess a fixed volume but no definite shape: The 
surface of @ liquid is always leveled: 


Write down some gener- 


al properties of liquids- 


Ans: Liquid State: 

Definition: “The medium [intermediate] energy 
state of matter having definite volume and inde- 
finite shape is called liquid state: Some of the 
general properties of liquids are: 

7. Liquids have definite volume and indefinite 
shape: Liquids adapt the shape of the container 
in which it is kept- Liquids do not fill the 
whole container so they have a definite volume: 
Liquids have the property of fluidity: 

Liquids can diffuses into each other: 

Liquids are soft: 

Liquids are almost incompressible: 

In liquids, the molecular motion is random- 


AARWN 
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tors affect the rate of evaporation? 

Ans- Evaporation: (Bannu 2079) 

Definition: “The spontaneous / automatic con- 
version of a liquid into its vapours state is called 
evaporation-" 

The molecules of 
liquids move with 
different kinetic 
energies: The 
molecules having 
higher kinetic 
energies, move 
faster and overcome (ti45) the intermolecular at- 


tractive forces: These molecules leave the surface 
of the liquid and changes into its vapours state: 
Evaporation occurs at all temperatures even at 
OC’. Evaporation causes cooling When the mole- 
cules of higher kinetic energies are converted into 
the vapours state and escape into the atmos- 
phere, the remaining liquid becomes cool: 


Factors Affecting Evaporation: 

(a) Surface Area Gg ): As evaporation is a 
surface phenomenon- The process of evaporation 
takes place from the surface: lt means that larg- 
er the surface area higher will be the rate of 
evaporation and vice versa (y*z£ui)- 
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(b)_ Temperature: The rate of evaporation in- 
creases with increase in temperature: At high 
temperature, the molecules have high kinetic 
energy and velocity so they break the intermole- . 
cular attractive forces: Hence rate of evaporation 
increases with increase in temperature: For ex- 
ample, wet clothes become dry more quickly in 
summer as compared to winter 

(Ce) _ Intermolecular Attractive Forces: Stronger 
the intermolecular attractive forces among liquid 
molecules, lower will be the rate of evaporation 
Similarly weaker the intermolecular attractive 
forces higher will be the rate of evaporation: Dif 
ferent liquids have different rates of evaporation 
at the same temperature, because the intermole- 
cular attractive forces are different in different 
liquids: For example, petrol and Alcohol evaporate 
quickly than water- 


Q6: Define and explain vapours pressure- What 
Ans: Vapours Pressure: (Kohat 2079) 
Definition: “The pressure exerted by vapours upon 


its liquid state at equilibrium state at a given 
temperature is called vapour pressure-” Vapours 
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pressure does not depend upon the amount of liq 
uid and surface area 
Explanation: . 
Consider a liquid is taken in 
a closed container: Some of 
the molecules will evaporate 
and will be accumulated 
above the surface of the 
liquid- With the passage of 
time the number of vapours increases) At the 
same time some vapours will condense back into 
the liquid state- The two process i-e- evaporation 
and condensation will continue until the rate of 
evaporation and condensation becomes equal- Thus 
a dynamic equilibrium is established- 

Equilibrium State: 

“The state at which rate of evaporation becomes 


equal to the rate of condensation is called equili- 
brium state-” 


Equilibrium : Rate of evaporation = Rate of condensation 


Factors Affecting Vapours Pressure: 

7- Nature of Liquid: By nature liquids are of 
two types, more volatile and fess volatile liquids: 
The vapours pressure of liquids depends upon the 
nature of liquids: Polar liquids have lower vapours 
pressure than non-polar liquids, at the same 
temperature: Water has less vapours pressure 
than Acetone at the same temperature: 
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2: Intermolecular Attractive Fortes: Stronger 
the intermolecular attractive forces among liquid 
molecules, lower will be the rate of evaporation 
and-thus lower will be the vapours pressure: Si- 
milarly weaker the intermolecular attractive 
forces, higher will be the vapours pressure: For 
example, at 25C°; : 
Vapours pressure of water = 24mmHg 
Vapours pressure of Ethyl Alcohol = 50mmHg 

3: Size of Molecules: Those liquids composed of 
small sized molecules evaporate easily as compared 
to those liquids which are composed of large sized 
molecules: For example, pentane [CsH,2] has small 
sized molecules than decane [C,oHz2], therefore 
pentane evaporate easily and exert more vapours 
pressure than decane at the same temperature: 
Vapours pressure of some liquids at 25C’: 

+ Chloroform [CHCI,J: 770mmHg 

> Carbon tetrachloride [CCl,J: 87mmHg 

> Water [H,0]: 24mmHg 

+ Glycerol [C3Hs02]: O-O0O01T6EmmHg 
4- Temperature: Vapours pressure of liquids in- 
crease with increase in temperature and decreases 
with decrease in temperature: Increase in tem- 
perature breaks the intermolecular attractive 
forces: For example, 
Vapours pressure of water at OC? = 4-SmmHg 
Vapours pressure of water at 25C° = 24mmlg 
Vapours pressure of water at 1OOC’ = 76OmimHg 
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Q7: Define boiling and boiling point: What fac- 
tors affect the boiling point of liquids? 
Ans- Boiling: (Mardan 2018) 


Definition: “The process of conversion of a liquid 
into its vapours when the vapours pressure be- 
comes equal to external pressure is called boiling-” 


Boiling Point: 

“The temperature at which the vapours pressure 
of a liquid becomes equal to external pressure is 
called boiling point-” The boiling point of a liquid 
under normal pressure of T-atm is called normal 
boiling point- The normal boiling point of water is 
700Cc. 


Explanation: 

When a liquid is heated, small bubbles are formed 
inside it- The vapours pressure inside the bubbles 
increases till it becomes equal to the atmospheric 
pressure on the top of the liquid: At this stage 
the bubbles burst off (4) and boiling starts: At 
the boiling point kinetic energy of the molecules 
of the liquid becomes maximum- At this point 
any further heating will not increase the temper 
ature: This heat will be used to break the inter- 
molecular attractive forces and convert the liquid 
into vapours: This is the reason that why tem- 
perature of the liquid remains constant at its 
boiling point: 
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Bubbles 


©@O| Bubbles 
torr] burst off 


Factors Affecting Boiling Point: 
2: Intermolecular Attractive Forces: Liquids 
having strong intermolecular attractive forces 
among their molecules have high boiling point val- 
ues as compared to those liquids having weak in- 
termolecular attractive. forces: For example, 

Boiling point of water = 100C° 

Boiling point of diethyl ether = 34-5C° 
2: External Pressure: Boiling point of liquids in- 
creases with increase in external pressure and de- 
creases with decrease in external pressure: At 
high altitude [hilly areas], the boiling point of a 
liquid will be less because the external pressure is 
lower’ Therefore water boils at lower tempera- 
ture than 100C° because the external atmospher- 
ic pressure is less than T-atm ér_.76OmmHg: 
When external pressure = 4-SmmHg, 

BP of water = OC 
When exterhal pressure = 24mmH4q, 

B-P of water = 25C€° 
When external pressure = 7OOmmHg, 

B-P of water = 98C’ 
When external pressure = 760mmHg9, 

8-P of water = 1000 . 
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_ When external pressure = 1489mmHgq, 
B-P of water = 1200 
At Murree hills boiling point of water = 98C’ 
At Mount Everest boiling point of water = 72C° 


Boiling points of some liquids are given below: 
Boiling point of acetic acid [CH;COOH] = 778-10 
Boiling point of water [H,0] = TOOC’ 

Boiling point of benzene [CgHg] = 8O-2C° 

Boiling point of ethyl alcohol [C:H;O,] = 78-4C° 
Boiling point of carbon tetrachloride [CCI,] = 67-2C 
Boiling point of chloroform [CHCl,] = 76-8C° 


Q&: Explain the following properties of liquids, 
freezing point, diffusion, mobility and density: 


Ans: Freezing Point [F-P]: 

Definition: “The temperature at which a liquid and 
its solid state have the. same vapours pressure is 
called freezing point-” (OR) 

“The temperature at which the liquid and solid 
state ersts ~ eauilibrium state is called freezing 
point of that liquid-” 

Explanation: 

When a liquid is cooled, the kinetic energies of 
the liquid molecules decreases, so the vapours 
pressure of the liquids also decreases: By further 
decreasing the temperature, the vapours pressure 
of the liquid state becomes equal to the vapours 
pressure of the solid state and liquid is converted 
into its solid state it is to be noted that there 


Visit www.downloadclassnotes.com for Notes, Old Papers, Home Tutors, Jobs, IT Courses & more. 
(Page 197 of 330) 


For more notes & academic material visit our Website or install our Mobile App 
Website: www.downloadclassnotes.com Mobile App: bit.ly/DCNApp 


CHEMISTRY NOTES FOR 9" CLASS (FOR KHYBER PAKHTUNKHWA) 


will be still some liquid molecules in equilibrium 
with solid state: 
The freezing point of pure water = OC’ 


oc 
HO, ") H,0, a 


Freezing points of some liquids are given below: 
Freezing point of ethanol = -714-7C° 
Freezing paint of chloroform = -63-5C° 
Freezing point of water = OC 
Freezing point of benzene = 5-5C° 
Freezing point of acetic acid = 77C° 
Freezing point of phenol = 43C° 

DIFFUSION: 

Miscible [mixable] liquids have the property of 
diffusion: They can diffuse into each others: The 
rate of diffusion of liquids is slower than the 
rate of diffusion of gases’ For example, if a drop 
of ink is added into glass of water, the ink will 
spread slowly throughout the water: The ink mo- 


lecules fill the gapes present among water mole- 
cules: The rate of diffusion increases with in- 
crease in temperature: The increase in tempera- 
ture, increase the kinetic energy of liquid mole- 


cules so the rate of diffusion increases: 
MOBILITY: 

The kinetic theory of matter [particle theory], 
says that. liquids consist of molecules which are 
constantly moving or in a state of constant ran- 
dom motion: This mobility of molecules depends 
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upon the energy of molecules: Higher the kinetic 
energy, the higher will be the mobility of mole- 
cules and vice versa’ For example, when we in- 
crease the temperature [K-E] of liquids, the mo- 
bility [fluidity] of liquids increases: 
DENSITY: 
Density is defined as “mass per unit volume”: 
liquids have higher densities than gases and lower 
than solids: It is because, the molecules are close 
to each other in liquids as compared to gases: 
Liquid molecules have strong intermolecular at- 
tractive forces than gases, hence they can't ex- 
pand and have a fixed volume: 
Densities of Various Liquids: 
5-No- Liquid _ Density —Temperatur. 
(gfe) () 
oO 


20 
20 
15 
l6- | Linseed oil 15 

7-00 
SOLID STATE: 

Definition: “The state of matter having definite 
shape and volume is called solid state-” 

+ The particles in solids are closely packed to- 

gether’ The attractive forces are very strong:. 
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~ The particles can only vibrate at their positions: 

7 Particles can’t leave their own places: 

> Diffusion of solid into solid is not possible- 

+ Solids are characterized by their hardness, ri- 
gidity, definite shape and volume- 


Q8: Explain some typical properties of solids: 


Ans: 1- Definite Shape ‘and Volume: 
Solids have strong intermolecular attractive forces 


so they have definite shapes and volume: 

2: Melting Point: 

We know. that in solids the particles are not free 
to move: When a solid is heated, the kinetic 
energy of molecules increases and the particles of 
solids vibrate with higher speed: When the energy 
is continuously supplied, a stage is reached at 
which the particles leave their mean positions and 
start moving freely: ; 

“The temperature at which the solid starts 
melting and exist in dynamic equilibrium with liq- 
uid state is called melting point-” 

At melting point, temperature does not change 
and remains constant unt:l the whole solid i. 
converted into the liquid state: Melting point of 
solid depends upon the strength of intermolecular 
attractive forces: 


Solid ae Liquid 
3: Rigidity: 


The particles in solids are fixed and closely 
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packed The particles in solids neither move nor 
slide over their mean positions: Therefore, the 
solids are rigid in their structures: The solid res- 
ist the deforming force due to hardness and 
strong intermolecular attractive force: 

4- Density: (Swat 2079) 

Density means mass per unit volume: (d = nm) 


Solids are denser than liquids and gases: In solids, 
the particles are closely packed and have no emp- 
ty spaces between the particles: Their mass’ per 
unit volume is greater: Therefore they have high- 
er densities as compared to liquids and gases 


SCIENTIFIC. INFORMATIONS 
Comparison of Properties of Solids, Liquids and 
Gases: 


5 Properties Solids Liquids Gases 


# 


2- | Shape Definite | Acquires | Acquires 
the the shape 
shape of | of the 
the con- | container 
tainer 


[3 | volume __| Definite _| Definite | Indefinite | 


Compressibili- ae Dias 
ty possible negligible 


i Fluidity Can flow | Can flow 
oe 


Visit www.downloadclassnotes.com for Notes, Old Papers, Home Tutors, Jobs, IT Courses & more. 
(Page 201 of 330) 


For more notes & academic material visit our Website or install our Mobile App 
Website: www.downloadclassnotes.com Mobile App: bit.ly/DCNApp 


CHEMISTRY NOTES FOR 9" CLASS (FOR KHYBER PAKHTUNKHWA) 


Rigidity Highly Less ri- | Not rigid 
rigid gid 


Space between | Most Less Least 
particles closely closely closely 
packed packed packed 


Intermolecular | Strong- | Slightly | Negligible 
force est 


weaker 
QIO: Explain types of solids: 
Ans- Solids can be classified into two types- This 
classification is based on the arrangement of par- 
ticles: These are amorphous solids and crystalline 
solids: 
1- Amorphous Solids: (Mardan 2079) 
The word amorphous means shapeless or formless 
matter. “The type of solids in which the par- 
ticles are not regularly / properly arranged in 
three dimensions are called amorphous solids-” 
These are also called powdered solids- Its exam- 
ples are flour (ti), glass, wax, plastic, rubber, 


than in 
solids 


cotton and candy etc: They are hard like true 
solids but do not have sharp melting point- They 
melt over a long range of temperature: 

2: Crystalline Solids: (Kohat 2079) 

The solids in which particles [atoms, ions, mole- 
cules] are arranged in regular three dimensional 
pattern are called crystalline solids-” These are 
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also called true solids» They have definite surfaces 
or faces: Eath face has definite angle with the 
other face- Pure crystalline solids have sharp 
meting points: Sharp melting point is the tem- 
perature at which all the particles of a substance 
get released from their respective positions at 
the same time: : 

Examples are sodium chloride [NaCl], CaCOZ 


SOCIETY, TECHNOLOGY AND SCIENCE 
Meat or fish preserved or cured with salt- Salt- 
ing with sodium chloride [ordinary table salt] is 
the primary ingredient (2) of preserving meat: - 


Salt helps in creating an environment where bac- 
teria cannot grow and removing water out of 

cells through osmosis: Concentrations of salt up- 
to 20% are required to kill most species of un- 
wanted bacteria: 


QUI: Define allotropes and allotropy- Explain the 
allotropes of carbon: 


Ans- Allotropes and Allotropy: 
(Malakand 2018, (Mardan 2078, Peshawar 2079, 


Abbottabad 2079) 
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Definition: “Various forms of the same element 

having the same chemical properties but different 

physical properties are called allotropes and this 
phenomenon is called allotropy-” 

Allotropes have the same chemical properties be- 

cause they have the same number of electrons in 

the valence shell- The allotropy of an element is 
due to the following reasons: 

7 The existence of an element in more than one 
physical state/form, such as carbon [tharcoal, 
soot, diamond, graphite]: 

2: The existence of two or more kinds of mole- 
cules of an element: In this case eath molecule 
has different number of atoms, such as allo- 
tropes of oxygen are oxygen molecule [O2] and 
ozone [03]° 

3- Different arrangements of two or more atoms 
or molecules in crystals of the element: For 
example, sulphur shows allotropy [monoclinic 
and orthorhombic forms] due to different ar- 
rangement of molecules “Ss” in the erystals- 
+ Carbon is found in the form of diamond in 

tetrahedral shape and graphite in hexagonal 
shape: They have different physical proper- 
ties due to having different shapes: 

+ The change in temperature also changes the 
arrangement of atoms in allotropes: With a 
change in temperature a new allotropic 
form is produced: 


Visit www.downloadclassnotes.com for Notes, Old Papers, Home Tutors, Jobs, IT Courses & more. 
(Page 204 of 330) 


For more notes & academic material visit our Website or install our Mobile App 
Website: www.downloadclassnotes.com Mobile App: bit.ly/DCNApp 


CHEMISTRY NOTES FOR 9" CLASS (FOR KHYBER PAKHTUNKHWA) 


Transition Temperature: 
Definition: “The temperature at which two allo- 


tropic forms of an element co-exist in equilibrium 
with each other is called a transition tempera- 
ture-” (OR) : 

“The temperature above or below which only one 
allotropie form can exist is called transition tem- 
perature’” For example, 


Ss 9S-5O Ss 
(Orthorhombic) (Monoclinic) 
Gray tin z= White tin 
(Cubic) (tetragonal) 

KNO, === KNO; 
(Rombohedral) (Orthorhombic) 


we 


(Also called polymorphs) 
Allotropes of Carbon: (Mardan 2079) 
Carbon exists in crystalline allotropic -forms as 
well as non-crystalline / amorphous allotropic 
forms: Crystalline carbon exist in three allotropic 
forms namely, diamond, graphite and bucky balls- 
Carbon also exists in non-crystalliny / amorphous 
allotropic forms such as coal, coke, charcoal, 
lampblack etc- ; 
(i) Structure of Diamond: (Peshawar 2019) 
Diamond is the crystalline allotropic form of car- 
bon: In diamond,: carbon exists in cubic form: Each 
carbon atom is tetrahedrally bonded by four cova- 
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lent bonds with four 


other carbon atoms: Due 
to strong covalent bonds, 
diamond is very hard and 
has high melting point 
[3500C]- Diamond is 
bad conductor of elec- 
tricity because all the 


four valence electrons are Structure cfdlamong 

used in the formation of covalent bonds and there 
is no free electron to move: 

Gi) Structure of Graphite: [Graphite means to write] 
In graphite carbon 
atoms are arranged hex- 
agonally. in the form of 
sheets: Each carbon 
atom is covalently 
bonded to three other 
carbon atoms: There is 
weak attractive force 
between the layers or Structure of Graphite 
sheets: Due to weak 
attraction, thy sheets slide over each other, as a 
result graphite is soft lubricant: As each carbon 
is further attached to three carbon atoms and 
the 4 electron is free to move, so graphite is 
good conductor of electricity: 


Giii) Structure of Bucky Balls: (Kohat 2079) 


. Definition: “Molecules composed of even nurmber 
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of carbon: atoms, forming a hollow cage like fused 
polycyclic ring system having 72-pentagone and the 
remaining hexagons are called bucky balls-” 
Bucky ball is the 3% erystalline allotropic form of 
carbon: it is recently dis- =e 
covered in 1985- Buck @ 
balls consist of 20 ~ 100 Wa re Zat, 
? ce? 

carbon atoms: The atoms , 
are arranged’ in a hollow 
cage like structure- The 
carbon. atoms after linking 
with each other adopt CUA 
t4) the shape of a foot-. i 
ball. It is also called footballene- In bucky balls 
carbon atoms are joined together, making penta- 
gonal,. hexagonal or even heptagonal structures: 
Bucky balls are used as: 

7- Semiconductors 

2+ Superconductors 

3- Lubricants 


Structure of Bucky Ball ” 


Hexagonal Pentagonal 
Arrangement Arrangement 
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Exercise 


Choose the correct option: : 
7- The spontaneous mixing of particles is called: 
(a) Evaporation (bh) Sublimation 
(é) Diffusion/ (Cd) Boiling 
2- Which statement for the particles of solids is 
not correct? 
(a) They move at great speed/ 
th) They are arranged at regular pattern 
(©) There is a very little space between the particles: 
(d) Force of attraction between particles is strong 
3: @ liquid boils when its vapours pressure be- 
OS onteS equal to: 
(a) 760cm of Hg 
(b) 7 Pascal 
((¢) 107-325 kilopascal/ 
‘(d) 0-1 atm 
4- The vapours pressure of a liquid increases 
with the: 
(a) Increase of pressure 
(b) Increase of temperaturel 
(¢) Increase of IMAF 
(d) Increase of polarity | 
5: Water normally boils at TOOC but is possible 
to boil at 5O0C’, which variable you would 
have to change to do this? 
(a) Increase external pressure 
(b) Decrease external pressure S 


En 
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(¢) Increase surface area 
(d) Decrease surface area 
6: The vapours. pressure of a liquid in closed + 
container depends upon: ; 
(a) Amount of liquid 
(b) Surface area of liquid 
(é) Temperature/ 
(b) Both (a). & (b) 
7- At freezing point which one the following ex- 
ist in dynamic equilibrium: 
(a) Gas and solid 
(b) Liquid and gas 
(Cb) Liquid and solid/ . 
(d) All of these 
&- Which one of the following is not an example 
of amorphous solid? ; 
(a) Rubber (b) Glass 
(Ce) Glucose/ (d) Plastic 
9: Ink spreads in water because of: 
(a) Vapours pressure , 
(b) Expansion 
(Ce) Diffusions 
(Cd) Compressibility of water 
10- What will be the pressure of a gas, if the 
volume of the gas at 2-atmospheres is in- 
creased from 1-Sdm? to 3dm°? 
(a) T-atmosphere/ (b) 17-5 atmosphere 
(¢) 2-atmosphere . (d) 2-5 atmosphere 
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7-Sdm? PV, = PV, 


=2atm P,= a 


Vv, 


2 


2atm-1-Sdm*> _ 
rea ngage ee 


Numerical Questions 


Solve the following numerical questions: 


QI: Calculate the final pressure of a sample of 


gas that is changed at constant temperature to 
74-3dm* from 7-55dm* at &2& torr: 


Solution: . 

Initial volume = V, = 7-55dm* 
Initial pressure = P, = 828 torrs 
Final volume = V, = 14:3dm° 
Final pressure = P, = 7 


Using Boyle’s quation 


PV, = P2V2 
Py, 
carom 


é Ze 
Putting the values 
_ 828 torrs- 7554. 


= [437-76 torrs 
143,40 [ i 


2 
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Q2: Calculate the final volume at 302K of a 
541dm* sample of gas originally at 353K, if the 
wessure does not change: 

Solution: 

Initial volume = V, = 547dm? 

Initial temperature = T,; = 353K 

Final volume = V2, = ? 

Final temperature = Tz = 302K 

Using Charles equation 


YUL 
pee OR 
oe fae 
y, = Ula . S41 dm*- 302K 
£ : 353K 
~ 163382 _ [462-83 dm? | 
353 


Q3: Calculate the initial volume at OC of a sam- 


ple of gas that is changed to 73cm’ by cooling 
to -14C at constant pressure: 
Solution: 
Initial temperature = T, = OC? + 273K 
Initial volume = V, = ? 
Final volume = V, = 731em? 
Final temperature = Tz = -14C° = 259K 
Using Charles equation 


Lees 
7 Tt 
Vo = V, 7, 
2 T, 
3. 
y, = Ble 273% = [770-513] 
259K 


lotes, Old Papers, Home Tutors, 
(Page 211 of 330) 


For more notes & academic material visit our Website or install our Mobile App 
Website: www.downloadclassnotes.com Mobile App: bit.ly/DCNApp 


CHEMISTRY NOTES FOR 9" CLASS (FOR KHYBER PAKHTUNKHWA) 


Q4: A sample of a gas at room temperature oc- 
cupies O-8Odm' at 1-5 atm: What will be its 
volume when the pressure of the gas is raised 
to 2-latm? 
Solution: . 

initial volume = V, = O-€Odm? 

Initial pressure = P, = 1-5 atm 

Final volume = V, = 7 

Final pressure = P, = 2-7 atm 
Using Boyle’s equation 


PV, = PoV>_ (OR) V, = - 


2 
s 'O- 3 
_ PSatm:0-80dm ay [vs = 0-577 dm] 


2:1 atm 
| QS: Calculate the final volume at 319C of a 


V, 


2 


sample of a gas original 5-13dnP at 171C’, if the 
pressure does not change: 
Solution: 
Initial volume = V, = 5-713dm? 
Initial temperature = T, = 1710? > 444K 
Final temperature = T, = 3719C° => 592K 


Final volume = V2 = ? 
Using Charles equation 


u_YU U,-T, 
4-42 (OR) y= 22 
tT Ty COR) Vi Tt 
. 3, 
Vv, = 5-13dm?-592K = (6-84 dm] 


444K 
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Short Questions 
Q7; Can you give reason why it takes longer 
time to cook at high altitude? 


Reasons: We know that boiling point of a liquid is 


directly proportional to external pressure’ At high 
altitude the external pressure is low, as a@ result 


water will boil at lower temperature than normal 
[100C] and cooking will take longer time: The hot 
and high KE molecules will escape from the con- 
tainer and cool molecules remains behind so more 
heat and longer time will be required for cooking: 


Q2: Glass soften (t#/) over a wide range of tem- 
perature- Ice melts at a specific temperature: Ex- 
plain reason for this difference- 
Ans: We know that pure crystalline substances have 
@ sharp melting point: While amorphous solids melt 
over a wide range of temperature: So glass soften 
over a wide range of temperature because it is an 
amorphous solid and ice melts at a specific temper- 
ature [OC] because it is a crystalline solid: 


Q3: Explain why it happens that on a hot sum- 


mer day, when there is sweat on the body of a 
person, one feels cool under fast moving fan? 


Ans: Under sitting a fast moving fan, sweat mo- 
lecules absorb heat from the body, goes to va- 
pours state and hence lower the body tempera... 


ture, so one can feel coolness: Under a fast mov- 


lotes, Old Papers, Home Tutors, 
(Page 213 of 330) 


For more notes & academic material visit our Website or install our Mobile App 
Website: www.downloadclassnotes.com Mobile App: bit.ly/DCNApp 


CHEMISTRY NOTES FOR 9" CLASS (FOR KHYBER PAKHTUNKHWA) 


ing fan, evaporation occurs rapidly as evaporation 
cause cooling so the person will feel cooling: 


Q4¢: Why are the densities of gases lower than 
that of liquids? : { 


Ans: We know that mass per unit volume is called 
- = 
density, d wh 


l& means that density and volume has inverse re- 


lationship when we take the same mass of a gas 

and liquid: As the gas occupy more space [volume] 

so its density will be lower to that of a liquid- 
Density of oxygen gas = O-0071423/em* 


When it is converted into liquid state then its 
density becomes 1-1499/cm?- 


QS: What is the relationship between atmos- 
pheric pressure.and boiling point of a liquid? 
Ans- The boiling point of a liquid has a direct rela- 
tionship with external pressure’ It means that 
higher the external pressure higher will be the boil- 
ing point and lower the external pressure lower will 
be the boiling point: For example, boiling point of 
water under 7GOmmbHg pressure = 1000 
7OOmmHg pressure = 98C° 


Q6: Why a gas is compressible but a solid is not 
compressible? Give reason: 


Ans: Gases are highly compressible as compared to 
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solids because there are large empty spaces 
among gas molecules- When external pressure is 
applied the gas molecules come closer, empty 
spaces are reduced, volume decreases and hence 
the gas is said to be compressed: 

On the other hand, solid molecules touches the 
surfaces of each other, there are no empty spac- 
es, hence cannot be compressed by applying ex- 
ternal pressure: 


Compressed Gas Solid Incompressed 


QI: Define Boyle's law and verify it experimentally: 
Ans: Please see question # 2- 


Q2: Differentiate between (a) evaporation and 


boiling point (b) effusion and diffusion (¢) Can- 
densation and Evaporation 


Ans- (a) Evaporation and Boiling Point: 
Evaporation: “The spontaneous conversion .of a liq- 
uid into its vapours is known as evaporation: lt can 
occur at OC’- 3 

Boiling Point: “The temperature at which the 
vapours pressure of a liquid becomes equal to ex- 
ternal pressure is called boiling point: Evaporation 
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of water can take place at OC’ but its boiling 

point is TOOC? under j-atm pressure: 

Ch) Effusion and Diffusion: 

1 Diffusion is the random mixing of two differ- 
ent gas molecules while effusion is the escape 
of one kind of gas molecules one by one 
through a hole in the wall of the container: 

2- Diffusion takes place among different gas 
molecules while effusion takes place only in 
the sate gas [pure gas] molecules- 

3: There is collision in case of diffusion while no 
collision occurs in case of effusion: 

(¢) Condensation and Evaporation: 

Evaporation is the conversion of a liquid into its 

vapours while condensation is the conversion of 

vapours back into its liquid state- During evapo- 
ration molecules of liquids gain heat while euros 
condensation heat is lost- 


Q3: Define the term allotropy with the help of 
examples: Explain the three allotropic forms of 
carbon in detail: 


Ans: Please see question # 77- 


Q4¢: What are solids? Differentiate between 
amorphous and crystalline solids: 


Ans: See question # 70- 


QS: Define Charles law and verify its graphically |. 
and diagrammatically: 


Ans: Please see question # 3- 


000 
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SOLUTIONS 


QI: Define the following terms- Give examples 
where needed: Solution, aqueous solution, non- — 
aqueous solution solute, solvent, saturated solu- 
tion, unsaturated solution, super saturated solu- 
tien, dilute solution and concentrated solution 
Ans: Solution: (Mardan 2017) 

“A homogeneous mixture of two or more than 
two substances is called a‘solutidn-” For example; 
when sodium chloride salt is dissolved in water, a 
solution is formed: A selution. which. is made up of 
two components is called a binary solution: For ex- 
ample sucrose (3#) dissolved in water’ A solution 
whith is made up of three components is called 
ternary solution. For example; when sucrose and 
NaCl both are dissolved in water a ternary solution 
is formed: Generally a solution has two compo- 
nents, te solute and solvent: 

Solute: - 

“The component present in smaller amount is 
called a solute-” It dissolves in solvent: 

Solvent: : 

“The component which is present. in greater 
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amount than the other one is called a solvent-” 
lt dissolves the solute- For example; sugar solu- 
tion is made by dissolving sugar in water: In this 
solution sugar is solute and water is solvent: 
Aqueous Solution: 

“@ solution in which water is used as a solvent is 
called aqueous solution-” The solution of sodium chlo- 
ride in water is the example of aqueous solution: 
Nen-Aqueous Solution: 
“The solution in which solvent other than water 
is used is called a non-aqueous solution-” For ex- 
ample; solution of iodine in carbon tetrachloride 
[CCl] solvent is.called non-aqueous solution: 
Unsaturated Solution: 

“A solution which can dissolve more / further so- 
lute at a given temperature is called an unsatu- 
rated selution-” 

Example: If we dissolve a small amount of sugar 
in .water, this solution still. has the capacity 
(2) to dissolve more solute, so it is termed as 


unsaturated solution: 

Saturated Solutign: 

“The solution which cannot dissolve more solute 
at a given temperature is called a saturated solu- 
tion-” For example; if we add sugar continuously 
to water in a glass with constant stirring, 4a 
stage is reached when the further amount of so- - 
lute will not dissolve in it and will settle down 
at the bottom, this is called saturated solution: 
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Super Saturated Solution: 
“4 solution which cannot dissolve more solute at 


high temperature is called super saturated solu- 
tion’” For example; when a saturated solution is 
heated, it has the capacity to dissolve more 
amount of solute: A stage will reach when the 
further amount of solute will settle down and no 
more dissolution will takes place even at high 
temperature, such a solution is called super satu- 
rated solution- 


Identification of a Solution ‘as Unsaturated, Sa- 
turated and Super Saturated: 

Procedure: 

When a crystal of already dissolved solute is add- 
ed to each of the three solutions: If the crystals 
dissolves, the solution is unsaturated: If it re- 
mains un-dissolved, it is saturated solution- If 
some excess of the dissolved solute deposits on 
the crystal, then it is super saturated solution: 
Concentration of Solution: 

Concentration is the amount of a solute in a so- 
lution- “The ratio of the amount of solute in a 
given amount of solvent or. solution is called con- 
centration of solution-” The larger the amount 
of solute present in a solution, the higher will be 
the concentration: 

Dilute Solution: 

“A solution which contains small amount of so- 
lute in the given amount of solvent / solution is 
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called dilute solution-” 
Concentrated Solution: 
“A solution. which contain large amount of solute 


in the given amount of solvent/solution is called a 
concentrated solution-” 


40 grams NaOH 
80 grams NaOH 


[Dilute Solution) [Concentrated Solution] 


Standard Solution: 
“A solution of known concentration is ealled a 
standard solution-” 


Concentrated solution Dilute solution 
more solute particles per less solute particles per 
unitvolume ; unit volume 


Q2: Explain the following concentration units: 
1) Percent composition (2) Molarity 
Ans: 1- PERCENT COMPOSITION: 

Definition: “It is the number of parts of solute 
present in 100 parts of solution-” (OR) The 
fraction of a solute in a solution multiplied by 
700- Thé percentage composition of a- solution 
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can be expressed by four ways: 


(@) Percentage Mass _by Mass/Mass-Mass_Rela- 
tionship: [% m/m] ; 

lt is the number of grams by mass of solute 
present in 100 grams by mass of a solution: For 
example; 10% solution of sugar by mass means, 
70 grams of sugar in 90 grams of solvent, so 
that the solution weighs 100 grams- 

mass: mass of solute,,, 


% = x100 
mass mass of solute, + mass oe solvent 


_ ™ mass of solution 

(ii) Percentage Mass by Volume [% i 

lt is the number of grams by mass of solute 
present in 100cm? [10OmL] of solution: For ex- 
ample; 710% solution of NaCl mass/ volume 
means, 10 grams of NaCl is dissolved in so much 
solvent to make 7100cm? total solution: In this 


case total mass of solution is not considered: 


m mass of solute 
%— = ——@ ___ x 700 
v volume of solution in cm 


(iii) Percentage Volume by Mass [% v/m]: 

lt is the volume in cm® of a solute dissolved in 
700 grams of solution: For example; 10% solution 
of alcohol volumé/mass means, 10cm3/ml of alco- 
hal is dissolved in so much water so that the to- 
tal mass of the solution is 100q- Here total vo- 
lume of the solution is not considered: 


9g f= mass of solute 
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volume of solute (cm? ) 
mass of solution, 


(iv) Percentage Volume By ‘Volume [%_v/v]: 
(Abbottabad 2079) 

It is the volume in cm®/ml of a solute dissolved 
per 100cm? of solution: For example; 10% solu- 
tion of alcohol by volume means, 10cin® of alcohol 
in sufficient volume of solvent, so that the total 
volume of solution becomes 100cm?/ml- 

+ Vv . volume of solute (cm? ) 


%- = =~ x100 
v volume of solution (cm ) é 


2: MOLARITY (Mm): 
(Mardan 2019, Swat 2079, Bannu 2079) 
Molarity is another concentration unit: It is de- 
fined as; “the number of moles of solute dis- 
solved per dm’ [litre] of solution”: Ht is 
represented by “/M"- mathematically: 

_ number of moles of solute 


x700 


volume of solution in dm? 
mass of solute 
molar mass of solute . 
tmass of solute 
molar mass of solute xvolume of solution in dri 
EXAMPLE G:-1: Calculate the molarity of a so- 
lution containing 7:5O_mole of CaCO, in enough 
water to_ make 1-50 dm? _of solution: 
Solution: 
Using the formula 
_ number of moles of solute 


As number of moles = 


Thus M= 


volume of solution in dm? 
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_ 7-50 mole [ 
7-50 dm? 


Q3: Explain problems involving the molarity of a 
solution: Give examples: 


Ans: In order to find out the molarity of a solu- 
tion we must know the molar mass of solute: 
For example; I-molar solution. of glucose [CgHj20g] 
means, one mole [180 grams] of glucose per dm 
of solution: 
> T-molar solution of sodium hydroxide 
[NaOH] contains one mole of NaOH [40 
grams] in one dim’ of solution: 
As the symbol for molarity is “(M" and the 
concentration of I-molar solution of sodium 
hydroxide is written as “7M" NaOH: 
Preparation of 1-Molar NaOH Solution: 
> One mole of NaOH has a mass of 40 grams: 
lf 40 grams of NaOH is dissolved in enough 
water to make exactly Tdm? of solution, the 
solution is now 7 molar solution 
> If 20 grams of NaOH [which is O-5/ th 
mole] is dissolved in enough water to make 
one dm? solution, a O-SOOM NaOH solution 
is produced: This relationship between molar- 
ity, moles and volume may be expressed in 
the following ways: : 
M= amount of solute in grams 
molecular weight: of solute x volume of solution in dr? 


Vv 
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40. 

(or) m= 709 __ 

40g xidm 
lf twice the molar mass of NaOH, ives 80g is 
dissolved in enough water to make Idm* of solu- 
tion, a 2 molar solution is produced: 
EXAMPLE 6:2: Calculate the molarity of 
50cm? of solution containing 7-50 grams_of 
CH,OH- 
Solution: 
We know that molarity is defined in terms of 
moles of solute and litres of solution’ The given 
quantities can be converted to moles and litres 
respectively (nzZ7\)- 
Molar mass of CH30H: 12+ 4+16 = 32g/mole 


Number of moles of CH,;OH = eee 
molar mass 


_ 750% 
© 32 §-mol" 
50 
7000 
To find out molarity, the formula used is: 
_ number of moles 
“volume in dm? 


2 02344 mol. ry6om or 
0-0500 dm® 


= (0-2344 mole) 


Converting cm? into dm: = [0-0500 dm’ | 


(4:69 mol-dm®) 
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EXAMPLE 6-3: 5-8 grams of Natl is_dissolved 
in_water_so_as to_make 500cm’* solution- De- 
termine the molarity of the solution [atomic 
mass of Na = 234, Cl = 35-54] 
Solution: 
Mass of NaCl = 5-85 grams 
Molar mass of NaCl = 23 + 35-5 = 58-5 9/mol 

5-85. 
Number of motes of Nat] eae = [o-7 mole | 
Volume of solution i n cm? = 500cm* 

a > 3 500 

Volume of solution in dm gern = (0-5 dm? ) 
moles of solute 


volume of solution in dm? 
OTmol . a 
M = ——— = 0-2 mol- dm? 0-2M 
0-5 dm ie ec, 


Molarity = 


PRACTICE PROBLEM 6-1: 
Calculate the molarity of 11-6em' of solution 
containing 0-70 grams of CaCl,- 
Volume of solution in em? = 11-6cm? 
Volume of solution in dm? 


as S = |o-116dm'| 


gree of solute [CaCl] = 0-70 grams 
Molar mass of CaCl, [40 + (35-5 x 2)] 

= 40 +77 = 711 9/mol 

mass _ 0-704 


Numb. les (n)=—____ = — + 
pene CEC) aoe: Taek 
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= [2:0067mel| 


number of moles 


larity (M) = 

oleae G D volume in dm 

M= 0-0067 _ [0-577 mol- dmv’? | 
0-116 


SCIENTIFIC INFORMATIONS 
To dilute a stock solution, dilution equation is 
used, MV, = MV. where M, and V, are the-mo- 


larity and volume of the concentrated stock so- 
lution and Mz and V2 are the molarity and vo- 
lume of diluted solution you want to make: 
EXAMPLE 6-4: What volume of water _must_be 
added to &5cm" of 3-5M Na,CO, to dilute it to 


0:4? 

Solution: 
M, = 3-5M U, = Sem" 
M, = 0-40M Vp =? 


Formula used 
MV, = MV, (OR) MV. = MV, 


Vv, = MY, 
mM, 
U, = SSEx85 | [725-60cm? | 
0-47 


Volume of solution = 725:60 - 85 = 
[640-60cm’ | 


So 640-60cm* volume will be needed /added to 
get dilution: 
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.| Q4: Define solubility: What are the factors which 
affect solubility? 


Ans- Solubility: “The amount of solute required 
to “saturate 100 grams of solvent at a given 
temperature is called solubility-” Different sub- 
stances have different solubilities in the same 
amount of solvent at a specific temperature: For 
example, sodium nitrate [NaNO ] is more soluble 
than silver chloride [AgCl] in water- 
mass of solute 


Solubility = ———__-~_— x 100 
mass of solvent 


Factors Affecting Solubility: (Malakand 2078) . 
The following factors affect the solubility of a 
solute in a solvent: 


7- Temperature 

2: Pressure 

3- Nature of solute 

4- Nature of solvent 
7- Nature of Solvent: 
There is a general rule that like dissolves like- It 
means that solutes having similar structure and 
properties to the solvent molecules will be soluble 
in it: For example; sodium chloride is an jonic 
compound: It has greater solubility in a polar sol- 
vent like water but low solubility [insoluble] in 
non-polar solvent like benzene- 
2- Nature of Solute: 
Nature of solute also affects the solubility: If a 
solute is changed and the solvent remains the 
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same, the solubility of the solute also changes: 
For example; sodium chloride has high solubility in 
water and sugar has comparatively low solubility 
in water: . : 
At 200, 700 grams of water dissolve =7929 NH,NO 
At 20C, 700 grams of water dissolve = 6-54 HgCl, 
The “general principle of solubility” is “like dis- 
solve like” It means that 

Polar solute + polar solvent = soluble 

lonic solute + polar solvent = soluble 

Non-polar solute + non-polar solvent = soluble - 
Non-polar solute + polar solvent = insoluble 

3- Pressure: (Kohat 2079) 

Pressure has no effect on the solubility of solids 
and liquids- It is because solids and liquids are in- 
compressible: Solubility’ of gases increases with 
increase in external pressure: For example in soda 
water bottles CO, gas is dissolved under 4-5 at- 
mospheric pressure: When the lid (3) is removed 
from these bottles, the gas comes out with ef- 
fervescence [bubbles]: It is becduse in open mar 
ket the external pressure is low [normal]- 


HENRY’S LAW 


At constant temperature, the solubility of a gas 


in a liquid is directly proportional to the pressure 


of the gas above it: 


4- Temperature: (Kohat 2079) 
Generally the solubility of solids in liquids inereas- 
es with increase in temperature, but this not al- 
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ways happen: When a solute [salt] is added into 
a solvent, there are different possibilities with 
reference to effect of temperature: 


i) The solubility of some solutes increases with rise 
in temperature: For example, the solubility of 
potassium nitrate [KNO3], calcium chloride [CaCl] 
and lead nitrate: 

ii) The solubility of some solutes decreases with 
increase in temperature: For example, 
Ce2(S0u)3, LizCO, and Cad- 

iii) The solubility of NaCl and KBr is not af 
fected by increase or decrease in tempera- 
ture and remains constant: 

iv) There are some solids, whose solubility increas- 
es upto a certain temperature and then de- 
creases on further increase in temperature- 
for example; sodium sulphate decahydrate 
(Naz50,-10H,0)- lts solubility increases upto 
32:4€ and above 32-4C° its solubility de- 
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creases because it becomes anhydrous: 


Q5: Explain solute - solvent interaction- 
(Mardan 2017, 


Ans: Solute-Solvent Interactions: 

Lithium chloride is highly soluble in water but gaso- 
line is not- On the other hand, gasoline mixes readily 
with benzene but lithium chloride does not: “Like 
dissolve like” is useful rule for predicting whether one 
substance will dissolve in another or not: 

7- Dissolving lonic Compounds in Polar Solvent: 
The polarity of water molecules plays an important 
role in the formation of solutions of ionic com- 
pounds in water- The charged ends of water mole- 
cules attract the ions in the ionic compounds and 
surround them to keep them separate from the 
other ions in the solution: For example, if we add 
a few crystals of lithium chloride [LiCl] into a 
beaker of water: The water molecules come into 
contact with Li and Cl ions: The positive ends of 
water molecules are attracted by Cl ions while the 
negative ends are attracted by Li’ ions: 


Solvent-solvent Solute-soltute Salute-solvent 
attraction attraction attraction 


Solute-solvent 
attraction 
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If the attraction between water molecules and 
solute ions is greater than the attraction be- 
tween particles themselves [solute- solute at- 
traction] then the solute will be dissolved other- 
wise no dissolution takes place: 

Hydration: 

“The process during which water molecules sur- 
round and interact with solute ions is called hy- 
dration-” 

Hydrated _lons: 

“The ions which are surrounded by water mole- 
cules are called hydrated ions-” As hydrated ions 
diffuse into the solution, other ions are exposed 
and are drawn away from the crystal surface by 
the solvent: The whole crystal gradually dissolves 
‘and hydrated ions become uniformly distributed 
in the solution: 


Hydration process and hydrated 
Li & Cl ions 


2: Dissolving lonic Compounds in Non-Polar Solvents: 
lonie campounds are generally not soluble in non- 
polar solvents such as carbon tetrachloride [CCl,] 
and benzene [C,H.]- The non-polar solvent mole- 
tules do not attract the ions of the crystal 
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strongly enough to overcome the forces holding 
the crystal together: 


6: Explain solutions of liquids in liquids: 


Ans- Solutions of liquids in liquids are classified 
into three classes: 
1; Completely Miscible Liquids: 
Liquids which mix up with each other in all pro- 
portions are called completely miscible liquids: Ex- 
amples are given below: 

+ Water and alcohol 

+> Ether and alcohol 

7 Benzene and alcohol 
2: Completely Immiscible Liquids: 
“Liquids which do not mixes at all (J) are called 
completely immiscible liquids-” Examples are given 
below: 

* Water and phenol 

» Water and ether 

+ Water and nicotine 
Solution Formation by Hydrogen Bonding: 
There are some 
compounds whith 
are not ionic still 
they are soluble in 
water, for example 


ethyl alcohol and Hydrogen bonding between ethyl 
alcohol and water molecules 


sugar’ These com- 
pounds are soluble due to hydrogen bonding be- 
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tween the polar molecules and those of water 
molecules: It is shown below: 


Q7: Compare/differentiate solution, suspension and 

tolloids- (Malakand 2018, Abbottabad 20719) 

Ans: Solution: 

7- . A homogeneous mixture of two or more 
than two substances is called a solution: 

2: A solution has -a uniform composition 
throughout its mass: 

3: Solute particles in solution cannot be seen 
with naked eye: 

4- During filtration, solute particles can pass 
through the pores of filter paper- 

5: If solution is allowed to stand, the solute 
particles do not settle solution: 

Example: Sodium chloride solution 

Suspension: , 

1. A heterogeneous mixture of two or more 
substances is called suspension: 

2: Suspension do not have a uniform composi- 
tion: 

3- In suspension the solute particles can be seen 
with naked eye: 

4- Particles of the solute cannot pass through 
the pores of filter paper- 

5: If suspension is allowed to stand, solute par- 
ticles settle down- 

Example: A mixture of chalk in water, medicines - 
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such as anti-acid, antibiotics and paracetamol: 

Colloids: 

7- Colloidal are heterogeneous in which solute 
particles are larger than those present in the 
true solution, but not too large to be seen 
with naked eye- 

2- In colloids the particles are intermediate in 
size between those in solutions and suspen- 
sions: : 

3- Solute particles: are not homogenized with 
solvent: 


4- The solute particles are small enough, so 
cannot be seen with naked eye: 

5: The solute particles can pass through the 
pores of filter paper slowly: 

6: If the colloidal solution is allowed to stand, 
the solute particles do not settles down at 
the bottom- 


SCIENTIFIC INFORMATION [Tyndall Effect] 
Many colloids appear homogeneous because the 
individual particles cannot be seen: The particles 
are however, large enough to statter light: This 
effect is known as Tyndall effect- Tyndall effect 
occurs when light is scattered by colloidal par- 

titles dispersed in a transparent medium- The 

Tyndall effect is a property that can be used to 
distinguish between a solution and a colloid: The 
term colloid was introduced by Graham: Greek; 

Kolla means glue, Eidos means like: — 
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EXAMPLE 6:6: Which solvent-liquid ammonia 
[NH2] or benzene [C;H,]_is more likely to dis- 
solve each of the following solutesA: (a) H.O 


(b) CcHi2 Ce) Age! 
Solution: 


(a) H.0-is more likely to dissolve in NH, because 
both substances are polar and capable of hy- 
drogen bonding formation: 

(b) Cetin [hexene] is more likely to dissolve in 
non-polar solvent like benzene [CsHg,]* 

(e) AgCl is more. likely to dissolve in the polar 
solvent ammonia [NH,]- 


PRACTICE PROBLEM 6-2: 


Which type of solvent, polar or non-polar is 
most likely to dissolve methyl alcohol [CH,OH]- 


Solution:-As methyl alcohol is a polar in nature 
soa polar solvent like water is most likely to 
dissolve it: 


Q8: Write down the distinctive properties of solu- 
tions, colloids and suspensions: 


Solutions Colloids Suspensions 
2: Particle size | Particles size 7- | Particle size, 
0-07 - Inm; can | 7000 nm, dis- | over 1000nm, 
be atom, ions or |'persed, can be | suspended, can 
molecules aggregates or be large particles 
large molecules | or aggregates 
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3: Do not sep- 
arate on stand- 
ing/resting 

4 Cannot be 
separated by 
filtration 

5S: Do not 
scatter light 


6: Particles are 
so small that 
they can’t be 
seen with naked 


eye 


Do not separate 
on standing. 


Cannot be se- 
parated by fil- 
tration 
Scatter light 
[Tyndall ef 
fect] 

Particles are 
big but can’t 
be seen with 
naked eye and 
can be seen 
with powerful 
microscope’ 


Particles ‘set- 
tle down 


Can be sepa- 
rated by fil- 
tration 

May scatter 
light but are 
not transparent 
Particles are 
big enough to 
be seen with 
naked eye 
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Exercise 


Choose the correct option: 
1. Which of the following solution is more dilute? 
(a) TOM (b) 0-5M - 
(c) 0-05M (d) 0-005MV/ 
2: Milk is an example of: 
(a) Solution 
(b) Saturated solution 
(¢) Colloids solution/ 
(d) Suspension . 
3: Water drop in air is an example of solution: 
(a) Gas in gas (b) Gas in liquid 
(¢) Liquid in gasf -(d) Liquid in liquid 
4- When there is a low concentration of solute 
in solution, it is known as: 
(a) Dilute solution’ 
rs (b) Saturated solution 
: (¢) Concentrated solution 
(d) Super saturated solution 
5: What is the molarity of NaNO; solution made 
by diluting 250cm? of a 17-60M solution to a 
final volume of 400cm?? 
(a) 1-20M (b) 1M 
(c) 0-200M (d) 0-160M 
Solution: 
V, = 250cm?:V, = 400cm?: 
M, = 1-60, M, =? 
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- MY, _ 160x250 


MV, = MV, (OR) Mm, 
(2G) 400 


V, 


6: What is the concentration in % mass by vo- 
lume (m/v) of a solution, containing 15 
gram KCl in 600cm? solution? 


(4) 5% (b) 2% 
(<) 0-200% (d) 2-50%1 


Solution: 
m _ mass of solute 
volume of solution 


% 


7s 

e007 100 (2:5) 

7- When KCI dissolves in water, the following 
will be produced: 
(a) K and Cl (b) K’ and Cif 
(¢) K and Cl, (d) & and Cl, 

8 2 moles of Na,SO, are dissolved in Idm3 of 
solution: Molarity solution is: 
(a) 1m (b) 2m¢ 
(c) 3m (d) 0-5M 


Solution: 


Molarit number of moles 
oari TF 
+” ‘valame of solution in dav 


= anes =(2mol-dm*) or 2M 
9- Molarity is the number of moles of solute 
dissolved in: 


(a) 1Kq of solvent (b) 1Kg of solution 
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(ce) Idm? of solvent (d) Idm® of solution’ 
70- The molarity of NaOH solution by dissolving 

4-grams of it in 250mL water is: 

(a) 0-4iN/ (b) 0-8M 

(ce) 0-2M (d4) O-1M 


Solution: 
Ms mass of solute 
molar mass of solute x volume of solution (dm? ) 


40 x 0-25 
POOL 6:35 Gere) 
7000 


rege I SIF 


bens bese tot fate LuF as 
ay. AS (1218S Le nt Betas uy 
Urea tuE cet sub £3 

Orr eS eile BI rete ae ft 


As 


® ® & © ® 
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Numerical Questions 


Solve the following numerical questions: 


QI: What is the molarity of a solution composed 
of 5-85 grams of potassium iodide {KI] dissolved 
in enough water to make O-125dm’ of solution: 
Solution: 
Mass of potassium iodide [KI] = 5-85q 
Molar mass of Kl: 39 +127 = 166 9/mol 
Volume of solution= 0-125dm? 


By using the molarity formula 
mass of solute 
molar ‘mass of solute x volume of solution in dm? 


Molarity= 


1766x0125 2075 


0-500dm* of 0-150M H,$0, solution? 

Solution: 
Number of moles of H2S0, = n = ? 
Volume of solution = v = 0-500dm* 
Molarity = M = 0-1SOmol-dm? 

Formula used 

Molarity = number of moles 

volume in dm? 

Number of moles = (n) = M x volume in dm? 

= 0-150mol-dm? x 0-500dm* 
[7 = 0-075 moles | 


Q3: Suppose you want to dissolve 40 grams 
NaOH in enough H,O0 to make Sdn? of solution- 
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(b) What is the molarity of this solution? 
Solution: 
Mass of NaOH = 40 grams 
Volume of solution = 6dm? 
Molar mass of NaOH = 23 +1+16 = 409-mol" 
(a) Molar mass of NaOH = the summation of 
the atomic’ masses of all atoms present in a mo- 
lecule is called molecular mass- When molecular 
mass is taken in grams, then it is called molar 
mass: Molar mass of NaOH = 40g-mof'- 
(b) Molarity of the solution 

mass of solute 


molar mass of solute x volume of solution in dm? 


N= x2 AO gears — ee [0-766 mot-dm® | 
40§-mol"x6dm* 6 


Q4: What is the molarity of a solution of 14 


grams NH,Br in enough water to make 150cm* 
of solution? 


Solution: 

Molarity of solution = M = ? 

Mass of solute (NH,8r) = 14 grams 

Molar mass of NH,Br = 14+ 4 + 80 = 98 g-mol” 


3 
Volume of solution = 150cm" . 0.150dm* 
7000 
” Molarity = mass of solute 
molar mass of solute xyolume of solution (dri ) 
74grams 714 


= —__Utgrams __ 1% = [0.953 mol-dm® 
984-mol'xO-1S0dm= 14-7 [ me ] 
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Q5: Suppose you want to produce dm’ of 
350M solution of H,50,: 
(a) What is the solute? 


(b) What is the solvent? 
(¢) How many grams of solute is needed to make 
this solution? 


Solution: 

(4) H2$0, will be the solute: 

(6) H20 will be the solvent: 

(¢) Volume of solution = Tdm? 

Molarity = M = 3-50 mol-dm? 

Molar mass of H.S0, = 2 +32 + 64 = 98 9-mol' 


Molarity (M) = mass of solute 
molar mass of solute xvolurme of solution 


Mass = Mx molar mass x volume of solution 
Mass = 3-5O0mol-dm®? x 989-mol" x Idm? 
= [343 grams] 


Short Questions 


Q1: Is sea water a solution? How would you 
prove with a simple experiment whether it is 
pure water or a solution? ; 
Reasons: Sea water is a solution: lt contains dis- 
solved minerals and salts: lt also contains dis- 
solved gases like oxygen- 

™ We can differentiate between pure water 
and sea water [solution] by passing electric 
current from both: As pure water has no 
free ions or electrons to move so current 
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will not pass through it- On the other hand, 
sea water contains anions and cations [Na’, 
Ca’, M3", Cl, 507,NOJ] due to dissolved 
mineral salts- As there is a free moment of 
ions in sea water, so electri¢ current will 
pass through it- 

2: Sea water will have different taste, pH, 
melting point, boiling point than pure water: 


OR we can also made a difference between pure 
water and sea water, that sea water contains 

suspended and un-dissolved particles which can be 
clearly seen with the help of a microscope: 


Q2: A bottle in a drug store contains a label “3 

ercent hydrogen peroxide” what does it mean? 
Ans | means that 3mli [em"] of hydrogen pe- 
roxide [H,02] have been dissolvent in enough wa- 
ter [solvent] to make the total solution 700mL- 
lt also means that each 1700mL solution contains 
3mL of hydrogen peroxide: 


Q3: Classify tha following as solution, colloid or 
suspension and explain why? (1) Milk (2) Hot 
cup of tea (3) Orange juice with pulp (4) 
Mayonnaise (5) Listerine mouth wash (6) Milk 
of magnesia (7) Cheese (8) Mist (9) Bottled 
water 


Ans 

7. Milk is the example of colloids: 

2- Hot cup of tea, most likely to be a solution 
but is a suspension in other regard, so its 
both caffeine and other water soluble sub- 
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stances are present in it- 


3- Orange juice with pulp — suspension 

4. Mayonnaise [colloid] — a thick creamy cold 
sauce, made from ail, vinegar and yellow part 
of e9g° : . 

5: Listerine mouth wash [solution] 

6: Milk of magnesia, a white suspension of hy- 
drated magnesium carbonate _in water, used 
as an antacid or laxative WP): 

7: Cheese [colloid] 

& Mist [suspension] 

9- Bottled water [solution] 


Q4: Why we stir paints thoroughly before using it? 


Ans: Paint is a suspension of chemicals, colours and 
water. The solute particles settle down when left 
undisturbed for a long time and hence the paint 
needs to be stirred before using, so that the com- 
ponents must distribute uniformly: 


Tyndall effect, while colloids do? 

Ans: Suspensions and solutions do not show Tyn- 
dall effect because in suspensions particles are so 
big that light is blocked and difficult to scatter 
but colloids can show Tyndall effect because par- 
ticles scatter (te) or disperse light rays thus il- 
luminate the path of light i-e- exhibit the Tyn- 
dall effect: Similarly in solutions particles sizes 
are too much small so’ can't scatter the light 
rays and hence do not exhibit Tyndall effect: 
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Long Questions 
QI: Define solution: Explain types of solution on 
the basis of states of matter: 


Ans- “A homogeneous mixture of two or more 
substances is called a solution-” Based on the 


physical states of matter/solute and solvent 
there are nine different types of solutions: 


Physical State Solute in Example 
Solvent 
Solution of Gas in gas Air [oxygen in 
gases Gas in liquid | nitrogen] 
Gas in solid |} COs, in cold drinks 
Hz gas adsorbed 
at platinum 
metal surface 
Solutions of Liquid in gas | Fog [water va- 
liquids pours in air] 
Liquid in | Alcohol in water 
liquid Dental amalgam 
Liquid: in [Hg-in Ag] 
solid 
Solutions of Salid in gas | Smoke [carbon 
solids : particles in air] 
Solid in liquid | Sodium chloride in 
. | water 
Solid in solid \ Bronze alloy 
per and zinc] 
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Q2: (a) Discuss the solubility of a substance: 


(b) Explain the factors that are responsible for 
the solubility of a substance- 
Alas: Please see question # 4- 


Q3: (a) What is the differences between a con- 

centrated and a dilute solution? 

(bh) Differentiate between unsaturated, satu- 

rated and super saturated solutions: 

Ans: (a) Please see question # 7- 

b) Please see question # 7: 

Q4: Describe one way to prove that a mixture 

of sugar and water is a solution and that a 

mixture of sand and water is not_a solution: 

Ans: 

7. As sugar form a homogenous mixture with 
water so a mixture of sugar and water is a 
solution’ On the other hand, sand do not 
form a homogenous mixture with water so a 
mixture of sand and water is not a solution: 

2: Sand can be separated from water by filtra- 
tion but sugar cannot be separated from 
water by filtration- 

3- Sand is visible in water, while sugar is invisible: 


Q5: Explain the following concentration units- 
(a) Percentage composition 
b) Melarit 


Ans: Please see question # 2- 


009 
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ELECTROCHEMISTRY 


Electrochemistry: 
“The branch of chemistry which deals with the 


study of inter-conversion of chemical energy and 
electrical energy is called electrochemistry-” 
Electrical energy === Chemical energy 


(Bannu 2019 
Ans- Oxidation - reduction or redox reactions are 
those reactions during which loss and gain of 
electrons takes place: Whenever there is oxidation 
there must be reduction’ The number of elec- 
trons lost in a chemical reaction must be equal 
to the total number of electrons gained: 
Oxidation: 
Oxidation can be defined by a pith of ways: 
a) Addition of oxygen to a substance is Glee 

oxidation- For example, 

C+0,——> C0, 

2Cu + 0, ——> 20u0 
b) Removal of hydrogen is called oxidation 

2NH, + 3Cl, ———>N, + 6HCI 

M9 + H,50, ————> g50, + H,~ 
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d) 


Loss of electrons is called oxidation 

Fe > Fe”? + 22s 

Fe’? ____»fe +]é 

Na ———» Na” + fe 

Addition of electronegative element to an 


element or compound is called oxidation: 
5 + Cl, ——-» SCI, 


(or) 25 + Cl, ——— 5,¢1, 


SnCl, + Cl, ———-+ Sal, 


Reduction: 


4 


b) 


2 


d) 


Removal of oxygen from a substance is called 
reduction: 

2HgO —**__» 2Hg + O, 

PbO + H, —~—> Pb + H,0 

Addition of hydrogen is called reduction: 

N, + 3H, > 2H, 

Cl, + H, ———> 2HCI 

Cc + 2H, ————-> CH, 

Gain of electrons is called reduction: 

Sn" + 2e@ ——___» Sn 


Removal of electronegative element from a 


compound is called reduction: 
2FeCl, + H, ———> 2FeCl, + 2HCI 


R 
e | Reduction 
d 


o 
Oxidation 
x 
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Lets take an example of a redox reaction: - 

Consider the reaction between sodium [Na] and 
chlorine [Clo]- This reaction involves the transfer of 
electrons from sodium atom to chlorine atom: So- 
dium loses an electron and is said to be oxidized to 
sodium ion, while chlorine atom gains an electron 
and is reduced to chloride ion (Cl)- Those reac- 
tions in which loss and gain of electrons takes place 
simultaneously are called redox / oxidation - redue- 


tion reactions: 
2Na + Cl, ———> 2NaCl 


Na —> Na +7é  Cl+lé > Cl 
Q2: Define oxidation state- Write down rules 


for assigning oxidation states: 


Ans: Oxidation State: 
“The apparent charge on an atom in a molecule or 
compound is called oxidation state” It is also 
called oxidation number It may be positive, nega- 
tive or even zero: Unlike ionic charges, oxidation 
numbers do not have an exact meaning: Oxidation 
numbers are useful in naming compounds, in writing 
formulae and in balancing chemical equations: The 
colours of solutions changes with the change of oxi- 
dation state: j-e- 

Cr? = Blue, Cr? = Green, Cr® = Orange 
Rules for Assiqning Oxidation Number: 
7. The oxidation number of all elements in the 


free state is zero: For example, the oxidation 
number of Hz, Cl, Na ete is zero: 
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2- The oxidation number of a simple ion is the 
same as the charge on it, for example, oxida- 
tion numbers of Na", Ca’®, Al? and Br’ are 
+7, +2, +3 and -7 respectively: 

3: The oxidation number of hydrogen in its com- 
pounds is +7, while in case of metal hydrides, 
it has -1 oxidation state: e-g- Nall: Na = +7 
and H = -]- 

4 The oxidation number of oxygen in its com- 
pounds is -2, while in case of peroxides, its 
oxidation state is -7- In case of OF, it is +2, 
in case of superoxides, it is -7/2: 

5S: The oxidation number of each element of 
group IA, 14 and IIA is +7, +2 and +3 re- 
spectively: 

6: The oxidation number of each element of 
group VIIA [halogens] in their binary com- 
pounds is -7- 

7- Ia neutral molecules, thé algebraic sum of the 
oxidation numbers of all the elements is zera- 


For example H.50, 


2H = +2 
5 =+46 
4(O) = -& 
Oo 


&- In ions, the algebraic sum of oxidation num- 
bers is equal to the charge on the ion- For 
example, (ino; 
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4(0) = -& 
Mn = +7 
-7 

9- In any substance-the more electronegative 
atom has the negative oxidation number: 

70- The same element may show different oxida- 
tion number in different compounds, eg: CO 
[C=+2, O=-2] CO,=C=+4, 07" 

EXAMPLE 7-1: Determine the oxidation number 

of phosphorus in phosphorus pentachloride- 

Solution: We know that the oxidation number of 

chlorine atom is -7- To make the total of all the 

oxidation numbers for PCl; equal to zero- The 
phosphorus must have an oxidation number of 
+5- Let X, equal to oxidation number of phos- 
phorus in PCl, then: 


x + 5 CD 
Oxidation number Number of Oxidation number Charge on 


of phosphorus chlorine atoms of each chlorine molecule 
atom 


(or) PCls = O 


P+5(Cl) = 0 
P+5(-1) = 0 
P-5=0 


EXAMPLE 7-2: What _is the oxidation number 
of nitrogen in the nitrite ion NO',? 


Solution: 
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x + 2 (-2) 
Oxidation number Number of Oxidation number Charge on 


of nitrogen oxygen atoms of eath oxygen nitrite 
atom molecule 


N + 2(0) = - 

N + 2(-2) = - 
N-4=-1 

N=-1+4 = [N = +43] 


PRACTICE PROBLEM 7-17: 
Determine the oxidation number of anita in 


CO- What is the oxidation number of sulphur 
in sulphite (S§07,) ion? 
Solution: 
fe <GOr 
co=0 i 5$+#3(0)=- 
C+(0)=0 : S$ +3(-2) = - 
C+(-2)=0 i $-6=-2 
€-2=0 i $=-2+6 
eer eEZ: 
EXAMPLE 7-3: What are the three possible 
oxidation states of sulphur? 
Solution: We know that sulphur is an element of 
group VIA of the periodic table: According to 
group number, it has 6 outermost electrons so. 
_its maximum oxidation state can be +6- In ele- 
_mental state [free state], its oxidation state = 
zero {O]: lts other oxidation states are +4, +2 
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and the minimum is -2, which are not explained 
[covered by the rules given so far]- 


PRACTICE PROBLEM 7-2: 
What are the three possible oxidation states 
of copper [Cu]? What is the minimum oxida- 
tion number of silver? 

Solution: The three possible oxidation sates of 


copper are: 


Z 
cu, Cu’, Cu’ 
+2 
a -2 +2 + 42-4 


Cu2O : CuO? : KCuOz 


The minimum oxidation number of Ag is zero 
when it is in element [free] state: 


Q3: Explain oxidizing and reducing agents in de- 
tail by giving examples: 
Ans: Oxidizing Agents: 
Definition: “The species which Faidives other sub- 
stances and themselves being reduced are called 
oxidizing agents-” According to the classical concept 
an oxidizing agent is a substance which: 

a) Provide oxygen to other substances 

6b) Remove hydrogen from other substances 

¢) Remove electrons from other substances 

d) The oxidation state of oxidizing agent decreases 


EXAMPLE 7-4: Consider the reaction below: 


. 72-2 


Zn + (i rn ZnO + Cu 
fe 
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Solution: Oxidation number of Cu in CuO = +2 
Oxidation number of Cu = O in the right side = 

{& means that the oxidation state of Cu has de- 
creased from +240, so CuO act as an oxidizing 
agent in the above reaction- Similarly Cu of CuO 
has removed electrons from zine Zn [Zn + 
Zn? + 2@], so it is an oxidizing agent: 
EXAMPLE 7-5: Consider the reaction: 


42 o ea 7 
Sn + Cl ——+» $n + 2C¢] 
te 


Solution: Oxidation number of Cl, is zero- 
Oxidation number of chloride ion [CI’] = - 
The oxidation state of Cl, is decreased from zero 
to -7 so chlorine is an oxidizing agent in thei. 
above reaction: Beside this chlorine has removed 
electrons from $n°* [stannous ion], so electrons 

remover specie is also called an oxidizing agent: 
REDUCING AGENTS: 

Definition: “Substances which reduce other and 
themselves get oxidized are called reducing agents-” 
Examples are; hydrogen sulphide [HS], sulphur dio- 
xide [$02], Na, Al, Mg- According to classical con- 
cept, a reducing agent: 

a) Remove oxygen from other substances 

b) Provide hydrogen to other substances 

¢) Provide electron to other substances 

d) The oxidation number of reducing agent in- 
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creases during a redox reaction: 
Consider the following reaction: 


f +2 - +, - o 
Bro + HeS ——+ 2HBr +5 
EE ane 


Oxidation number of sulphur in H.S = -2 
Oxidation number of free sulphur = O 
There is an increase in oxidation number of “S$” . 
from -2 to O, so H25 is a reducing agent: Similarly 
sulphur has donated electrons to bromine, so elec- 
trons provider is also called reducing agent- 
Examples of Oxidizing and Reducing Agents: 
Oxidizing Agents Reducing Agents 


Carbon (C) 


Chlorine [Cl] Carbon monoxide 
: (C0) 


Concentrated sulphuric acid 
Nitric acid [HNO] Hydrogen sulphide |" 
g [25] ° 


Potassium permanganate (Vil) | Potassium iodide 
[KMn0, [Ki] 


Potassium dichromate (V1) Sulphur dloxide 
K,Cr,0, [502] 
SCIENTIFIC INFORMATIONS 


Fireflies contain special cells in their abdomens 
that produce light: These cells contain a chemical 
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called luciferin, which undergoes oxidation and pro- 


duces light when the firefly takes in oxygen- 
Ozone is a very strong oxidizing agent and used in 
manufacturing of decoulorizing agents or as oxi- 
dants of organic materials’ When oxygen is used as 
an oxidizing agent, at high temperature and pres- 
sure by dissolving it in waste water: The process 
is known as wet oxidatiom It is considered as an 
effective method of oxidizing organic materials and 
removal of toxi¢ compounds: 


Q4: What are oxidation-reduction reactions? 
Give suitable examples- 


Ans- Oxidation-Reduction Reactions: 

(BISE Malakand 2018, Mardan 2079) 

“Chemical reactions in which oxidation and reduc- 
tion take place simultaneously are called oxidation- 
reduction reactions-" These are also called redex 
” reactions: ’ 


S 
Example: 
"CuSO, + Zn ———> ZnSO, + Cu * 
The overall ionic equation is: . , 


decrease in oxidation state 


+2 : 72 o 
cu + Zn ——» Zn + Cu 


‘1 Liexidation } 7 


Increase in oxidation state 


Agtually the redox reactions consist of two half 
reactions, oxidation half reaction and reduction 
half reaction: Let consider the following redox* 
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2Na° + [3 ———> 2Na’ + 27 
This reaction can be written in the form of two 
half reactions as; 

2Na ————-» 2Na" + 2es [oxidation] 

1, + 28 ———> 21° [reduction] 
In the 1 half reaction, loss of electrons takes 
place: This reaction is called an oxidation half 
reaction: In the 2™ half reaction, gain of elec- 
trons takes place: This reaction is called reduction 
half reaction: 


| increase 


- Oxidizing 
agent 
| agent 
Examples : | 


Test for Test for Eeainet 


J 


Potassium Aqueous potassium Acidified potassium Hydrogen 
dichromate (VI) —_jadide---colourless dichromate (vi) carbon 

potassium to brown Orange to green carbon 
manganate (VIE monoxide 


Q5: Explain the basic concepts of electrolytes: 


Ans: Some of the basic copicepts of, elenenohves 
are given below: 
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Electrolytes: 
(Malakand 2018, Kohat, Abbottabad 2079) 
Definition: “Substances which ionize into positive 
and negative ions in their aqueous solutions are 
called electrolytes:” The aqueous solutions of 
electrolytes conduct electricity: e-g: 
_ Salt: Natt ——°_+Nar_, + Cl,,, 
Acid: Hel —":2 54" + I 
Salt: Ke} ——*2 + K* + Ct 
Base: NaOH ——“+Na* + OH 
It is clear from the above examples that an elec- 
3 trolyte may be acid, base and salt- 
; Strong Electrolytes: 
Definition: “Substances which tonize upto large 
extent and conduct electricity upto maximum ex- 
tent are called strong electrolytes:” For example; 


H,0 + 9 
Hel HH, + Clay [92%] 
NaOH —“#2 —, Nata t Oren [84%] 
Weak Electrolytes: . 


Definition: “Substances which ionize upto limited 
extent are called weak electrolytes-” 
Example: — CH,COOH ——#2— CH,cOO,,,, + Ht 


(a4) (24) 
[7-3%] 
NH,OH =—"2— NH, + OH 
[7-3%] 


Non-Electrolytes: 
Definition: “Substances which do not ionize in 
aqueous solutions and thus their aqueous solu- 
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tions do not conduct electricity are called non- 
electrolytes:" Examples are: glucose, urea and 


sugar: 

Electrodes: 

“The metallic plates, rods or wires through which 
electrons enter or leave the electrolyte in a cell 
are called electrodes-” Charged metallic plates are 
called electrodes- 

Anode: 

“The electrode which is connected to the positive 
terminal of the battery is called.anode-” (OR) 
“The positive electrode is called anode-” Anions 
move towards anode and leave the electron in 
electrolytic cell- Oxidation occurs at anode: 
Cathode: 

“The electrode whith is connected to the nega- 
tive terminal of the battery is called cathode” 
(OR) 

“The negative electrode is called cathode-” Ca- 
tions move towards cathode and gain the elec- 
trons in electrolytic cell- 

Anions: 

Negatively charged ions are called anions: For ex- 
ample, Cl,OH ete: 

Cations: 

Positively charged ions are called cations: For ex- 


ample, Na‘,Ca, NH,, Al? 
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Container 


Cathode 


Anion 
Cation Electrolytic sodium 


SCIENTIFIC INFORMATIONS 

Passing an electric current through a substance 
may produce a temporary change such as lighting 
up of an electrical bulb or a permanent change like 
electroplating: Metals are good conductors of elec- 
tricity: gold and silver are the best electrical con- 
ductors but due to their high cost value most of 
the electrical wires are made of copper and alumi- 
num: 


Q6: What are electrochemical cells? Explain vari- 
Ans: Electrochemical Cells: (Peshawar 2079) 
Definition: “Electrochemical cells are devices in 


which interconversion of electrical and chemical 
energies takes place:” There are two types of 


electrochemical cells 
7- Electrolytic cell 
2: Galvanic or voltaic cell 
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1- Electrolytic Cell: 

Definition: “A cell in which electric current is 
used to produce a redox reaction is called an 
electrolytic cell:” in electrolytic cell electrical 
energy is converted into chemical energy: Exam- 
ples are; Down and Nelson's cell: 


Electrolysis: 
“Electro” means electrolyte and “lysis” means 


breaking/splitting- “The process of dissociation or 
decomposition of an electrolyte by passing electric 
current through its solution or fused state is 
called electrolysis-” : 

Construction: 

Electrolytic cell consists of a vessel which contain 
electrolyte. solution’ It has two metallic plates: 
These plates are called electrodes» Through these 
plates, electrons enter and leave the cell. The elec- 
trodes are connected to direct current source: The 
electrode which is connected to the positive ter- 
minal fend] of the battery is called anode, while 
the electrode which is connected to the negative 
terminal of the battery is known as cathode: Elec- 
trolyte decomposes into positive ions [cations] and ~ 
negative ions [anions]- 

Working: 

When the electrodes are connected to the bat- 
tery and electric current is passed through the 
electrolytic cell, the ions in the electrolyte solu- 
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tion moves towards their respective electrodes: 
The anions liberate electrons at anode: These 
electrons pass through outer circuit to the ca- 
thode: The cations which surround the cathode, 
consume these electrons: Hence, the number of 
electrons lost is always equal to the number of 
electrons gained: 

The battery conti- 
nuously — supplying 
electrons to the 
cathode and re- 
ceiving electrons 
from the anode: 
The anion moves 
towards anode and 


by Electrolytic 
tan 


+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 


discharge their Solution of electrolyte 

electron(s) there 

and thus oxidation takes place at anode: The ca- 

tions move towards cathode and gain the elec- 

tron(s) there and thus reduction takes place at 

cathode- 

Example: 

When electric current is passed from thg fused 

sodium chloride [NaCl], the following reactions 

take place during the process: 
2NaCl,, ——> 2Na,,,, + 2Cl.,4 

fatiany (anions) 
At anode: 2Cf?,,———>Cl, + 28 — [oxidation] 
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At cathode: 2Naz), + 2é ——+> 2Na [reduction] 


Overall reaction: 2Na’ + 2Cl ———> 2Na + Cl, 


Ano = The ox red the Cat 


Anode Oxidation Reduciton Cathode 


Q7: Write a note on electrolytic refining of copper- 


Ans- When copper is extracted from its sulphide 
ore, it is called blistered copper Because blisters 
(41 are present on its surface, so it is called 
blistered copper- Blistered copper is 99% pure- 
The impurities present are Auriam [Au], Argen- 
tums [Ag] and Platinum, [Pt]- 

Process: . 

Large slabs of impure copper are made the anode 
and a thin piece of pure copper is made the ca- 
thode: A mixture or acidified solution of CuSO, is 
used as an electrolyte: The operation is per- 
formed at 50C’ .and O-3V voltage is supplied: 
The optimum current density used is 7160 - 
400A/ mr 


Impure 
eORpEr Pure copper 


s 
Sludge/anade CuSO: + H2SOn 
mud (Electrolyte) 
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When the electric current is passed, the impure 
copper dissolves at the anode to form Cu* jons- 
The Cu‘? ions are reduced at cathode to copper 
atoms: The pure copper deposits at cathode: 
At_anode: Cu ———> Cu? + 2¢s [oxidation] 
At cathode: Cu’? + 22 ——_> Cu [reduction] 
During this process the less active metals, for ex- 
ample Au, Ag remain undissolved and settle at 
the bottom of the cell as anode sludge Ut) which 
is processed to recover these precious () met- 
als» The temperature and voltage conditions are 
such that only copper is deposited at the ca- 
thode- By electrolytic refining process upto 
99-99% pure copper is obtained: 


i | Q8: Write a detailed note on galvanic or voltaic 
‘| celt 


Ans: Galvanic Cell/Voltaic Cell: (Bannu 2019) 
P Definition: “The 


type of . electro- Electron flow 
chemical cell whith 
produces electric 


current as a result 
of redox reaction is 
known as — galvanic 
cell-” Galvanic cell 
3 converts chemical \ . 
Solution containing — Solytton containing 


energy into electrical ‘att of Zinc salt of Copper 
Daniel Cell 


energy: Its common 
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example is Daniel cell- 
Construction of Danie! Cell: 
“A galvanic cell consists of two separate contain- 
ers each container’is called a half cell- One half 
cell consists of zinc - rod dipped in 7 molar 
Z2n50q4 solution and the other half cell consists of 
copper rod, placed in 7 molar copper sulphate so- 
lution: Internally the two solutions are éonnected 
by a salt bridge: A salt bridge is U-shaped tube- 
This tube is filled with electrolyte gel, such as 
KCl, K,50, or Naz$O,q solution called as the agar- 
The salt bridge interconnects the two solutions in 
the anode container and the cathode container: A 
salt bridge performs three basic functions: 
7- {t allows electrical contact between the two 
solutions: : 
2- It prevents the mixing of the. two solutions: 
3: It keeps electrical neutrality in each half cell- 
The electrodes are connected by a wire and a 
voltmeter is inserted (ti) in the circuit to meas- 


ure the current: - 
Working of the Cell: . ; 

The zine metal has tendency to lose electrons 
more readily than copper when the circuit js 
completed- As a result oxidation takes place at 
zine electrode, the electrons flow from zine elec- 
trode through the external circuit to copper * 
electrode’ These electrons are gained by copper 
jons of the cathodic solution and deposited as 


Visit www.downloadclassnotes.com for Notes, Old Papers, Home Tutors, Jobs, IT Courses & more. 
(Page 265 of 330) 


For more notes & academic material visit our Website or install our Mobile App 
Website: www.downloadclassnotes.com Mobile App: bit.ly/DCNApp 


CHEMISTRY NOTES FOR 9" CLASS (FOR KHYBER PAKHTUNKHWA) 


copper atoms at the cathode- 

Electrons travel in external circuit, while ions 
move through the salt bridge and in this way 
electric current is produced: The two half reac- 
tions are as follow: 

Anode Half Reaction: 


Zn, - 


+ 202, + pe 
Cathode Half Reaction: 


Cul? + 28 ——>Cu, © 


Overall Reaction: 
+2 42 
Zn + Cu, ———> 2n7f, + Cu 
The batteries which are used in automobiles, cal- 
culators, toys ete and to light the bulbs work on 


the same principle: 


Q9: Differentiate between electrolytic cell and 


galvanic cell- 

Mardan 2078. 
Ans: Differences between Galvanic Cell and Elec- 
trolytic Cell are as follow: 


7- A galvanic cell, converts chemical energy into 
electrical energy while an electrolytic cell con-* 
verts electrical energy into chemical energy: 

2: In galvanic cell the redox reaction is spanta- 
neous and is responsible for the production 
of electrical energy while in electrolytic cell 
the redox reaction is non-spontaneous and 
electrical energy must be supplied to start 
the reaction: / 
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3: In galvanic cell, the two half cells are set up 
in different containers and for connection a 
salt bridge is required while in electrolytic 
cells, both the electrodes are placed in the 
same container, .in the solution of molten 
electrolyte, no need of salt bridge: 

4: The anode is negative and cathode is the 
positive electrode in galvanic cell while in 
electrolytic cell, the anode is positive and ca- 
thode is the negative electrode- 

5: In galvanic cell, oxidation occurs at anode and 
reduction occurs at cathode, similar is the 
case of an electrolytic cell: 

6- In galvanic cell, the electrons are supplied by 
the species getting oxidized’ They move from 
anode to cathode in external circuit while in 
electrolytic cell, the external battery supplies 
the electrons: They enter through the ca- 
thode and come out through the anode- 


types of batteries? Explain dry cell in detail: 

Ans: Battery: (Swat 2019) 

Definition: A cell in which chemical energy is con- 

verted into electrical energy is called battery-” 
(OR) 

“A group or combination of galvanic cells joined in. 


series is called battery-” For example, car batte- 
ries consist of six or more identical / similar gal- 
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vanie cells connected in series- A battery is a self 
contained, chemical power pack that can produce 
a limited amount of electrical energy: Various 
types of batteries are: : 

1- Primary Batteries: These batteries are not 
reversible and once discharged are discarded (/E) 
eg dry cell- 

2- Secondary Batteries: These are reversible 
batteries and can be recharged again eg: lead 
storage battery: 

3: Solar Batteries: These are photochemical cells 
and generate energy: 

4- Fuel Batteries: These are super batteries and 
have high energy efficiency: 

Dry Cell /_Leclanche Cell: 

This cell was designed/prepared by George Leclan- 
chi in 1887- So it is also called Leclanchi cell’ Dry 
cell is acidic in 
nature: [¢ con- 
sists of an out- 
er “Zn” casing 
(4) which acts 
as anode It is Cathode 
lined inside with 
ga moist paper 


Anode 


Paste of MnO2, 
7 which prevents NH,Cl, and carbon 
zine from com- 
ing in contact internal Structure of Dry Cell 
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with the other reactants but allow the diffusion 
of fons: fi 
A graphite rod is placed in the centre of the 


container which acts as cathode: The container is 
filled with a paste of ammonium chloride 
[NH.Cl],. manganese dioxide [MnOz] and carbon- 
The cell is water proofed with wax: The voltage 
produced by dry cell is 7-25 - 7-50V- 
Reactions: 
At Anode: Zine is oxidized by losing the two 
electrons 
2n ———»> Zn” + 2¢ 

At Cathode: Ammonium chloride and manganese 
dioxide are reduced to Mn,0, and NH; 

2H0, + 2N'H, + 26 ———» Mn,0, + 2NH, + H,0 


Net reaction: 
Zn + 2Mn0, + 2NH, > Mn,0, + 2NH, + H,O 


Qii: Write down a note on electrochemical in- 
dustry: : 


Ans: Electrochemical industries are based on many 
electrochemical operations: Some of these are as 
follow: 

7. Electrochemical cells/batteries constructed be- 
tween different electrodes are available in the 
market, which are widely used to power toys 
(L¥), flash lights, electronic calculators, ra- 
dios, tap-recorders, pacemakers, automobiles: 

2: Electroplating of metals is the deposition of 
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one metal layer on the surface of other 
metal electrolytically: This is done for the 
Purpose of its durability (iv), beauty and 
repair- 

3- Electrolytic production of metals [e-g- Na] 
and electrolytic refining of metals [e-g: Cu] 
are the popular methods for obtaining metals 
in their pure form- 

4. Many important chemicals are manufactured 
by electrochemical process, e-g- NaOH: 


Q12: How sodium metal can be manufactured 
from fused NaCl? 


Ans- Manufacture of Sodium Metal from NaCl: 

Sodium metal was first discovered by an English 
chemist, Sir Humphrey Davey in 1807 by the 
electrolysis of fused NaOH: Commercially sodium 
metal is obtained by the electrolysis of fused 
NaCl, in the Down’s cell’ The electrolytic cell 
used for the production of metallic sodium was 
designed by J-C- Down- 

Construction of Down’s Cell: 

The Down cell consists of steel container lined 
inside with firebricks) The anode is made of gra- 
phite at the centre, introduced from the bot- 
tom: Above anode there is a dome for the col- 
lection of chlorine gas- 
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Molten NaCl + CaClz 
Molten-Na 
Cylindrical steel cathode 


Iron screen 


‘+ Graphite anode 


The cathode is circular and made of copper or iron: 
The cathode and anode are separated by an iron 
screen, to prevent the mixing of the two products 
of electrolysis namely sodium and chlorine gas- The 
molten sodium is collected in the cathode com- 
partment where it rises to the top and is taped 
off (th) through -a pipe: Chlorine is collected at 
anode and is collected from the other pipe- 
Reactions in the Cell: ; 
The melting point of sodium chloride [NaCl] is 
801C’- A mixture of one mole of NaCl and 3 
moles of CaCl, are used: CaCl, reduces its melting 
point to GOOC’- When electric current is passed, 
ions are produced: n 

Nac! ———> Na’ + Cl 
The ions move towards the oppositely charged 
electrodes: Cations (Na‘) move towards cathode 
and anions (El) move towards anode: 
Chemical Reactions at Electrodes: 


2NaCl,,. > 2Naz,, + 2Cl.,, 
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Anode Reaction: 
2Cl,,, ———~> 2¢/ or Cl, + 2és [oxidation] 
Cathode Reaction: 

2Nay), + 28s ————» 2Na [reduction] 
Overall Reaction: 


2NAEI pcos) ————~> 2Na + Cl, 


Q13: Explain commercial preparation of NaOH 
from brine: 


Ans: Commercial Preparation of NaOH: (Mardan 
2017) 


Electrolysis of Brine: 

30% NaCl solution is called brine solution: Com- 

mercially electrolysis of NaCl is. carried out in 

Nelson’s cell: Commercially NaOH is prepared by 

the electrolysis of sodium chloride: 

Construction: 

fe consists of: 

7 Graphite anode 

2: U-shaped perforated steel cathode lined in- 
side with asbestos [mixed silicates of Ca and 
M4] ive CaSi05-3Mg5i03 

3- Rectangular steel tank, having catch basin at 

the bottom: . 

Graphite anode is suspended in U-shaped steel ca- 

thode having brine solution: The electrolyte used 

is sodium chloride: Sodium chloride ionizes in wa- 

ter: Water also ionizes to some extent (x): 
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7 Cathode 


Steel Container 


Porous asbestos 
lining 


Saturated NaC! 
solution [Brine] 


<— Steam 
Catch basin 


Electrolysis of Aqueous NaCl [Nelson’s Cell] 


When electrodes are connected to the battery, 
the positive ions “Na’ and H'” move towards ca- 
thode: As H' ions have greater tendency to pick 
up electrons from ‘the cathode rather than Na* 
ions, so H’ ions pick up electrons and form H- 
atoms: The H-atoms then combine covalently and 
form H.-molecules-. 
At Cathode: 

2H7 + = 2@s——>H, [reduction] 
Chloride ions (Cl) move towards anode, loses 
electrons and are converted into chlorine atoms: 
The chlorine atoms then combine covalently to 
form chlorine molecules: 
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At Anode: 
2C{ ———+ Cl, + 22s [oxidation] 


Then sodium ions combine with hydroxide ions 
and form sodium hydroxide 2Na‘ + 20H -> 2NaOQH - 
Sodium hydroxide is collected in the catch basin 
in this process, sodium, hydroxide, hydrogen and 
chlorine are produced at the same time (feF Li 
ere): 

Overall Reaction: 


2N1ci,,, + 2H,0,,. ———> 2NaOH + H, + Cl, 


Interesting Fact 


To separate the chlorine from sodium hydroxide, 


tne two half cells were traditionally separated by 
@ porous asbestos diaphragm (w.), which needed to 
be replaced every month/two months: This was 
damaging to the environment as large quantities 
of asbestos had to be disposed: Asbestos is toxic 
to humans and causes cancer and lung problems- 
Today the asbestos is being replaced by other po- 
lymers, which do not need to be replaced as often 
and are not toxic: 


Q14: What is corrosion (68)? Explain with the 
help of examples: 


Ans- Corrosion: (B1SE Malakand 2018) 

Definition: “The slow and continuous eating away 
of the surface of a metal by the chemicals 
present in its environment is called corrosion-” 
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Rusting: 

“Corrosion of iron is called rusting-” Corrosion 
means the deterioration (ta?) of a metal or its 
properties because of a reaction with its envi- 
ronment: The terms corrosion and rust are al- 
most synonymous: The word rust is more specifi- 
cally used for iron: Corrosion usually starts at 
the exposed surface of the metals- [t is an oxi- 
dation-reduction process which takes place by the 
action of air in the presence of moisture with 
the metals: The common-most example of corro- 
sion is the rusting of iron 


Rusting_of Iron: 
The corrosion of iron is commonly known as 
rusting: 


Conditions Necessary for Rusting: 

7. Thin film of water/moisture on metal’s sur- 
fate’ 

2: Air in the environment 

3- Weakly acidic atmosphere 

tron rusts, by combining with oxygen in the pres- 

ence of water to form brown hydrated mass, 

ferric oxide: Fe203-XH,0/Fe(OH); 

Chemistry of Rusting: 

Dents, stains or the impure portion of iron are 

the sites for the process of rusting 
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The impurities or the part of iron whith is in 
contact with ground act as cathode: The pure 
portion or the aerated part acts as anode: Iron 
is oxidized at anode, producing ferrous ions [Fe] 
and electrons are lost- 
At Anode: 

2Fe,,. ———> 2Fe™ + 4es 
The loss of electrons damages the metals: These 
free electrons move in the metal sheet to a region 
of high concentration of oxygen and water. near the 
surface: These sites act as cathode where electrons 
react with water and oxygen to form hydroxide 
ion 
At Cathode: 

2H,0 + O, + 4és ———> 40H 
‘Ferrous ion [Fe**] is further oxidized to Fe? by 
atmospheric oxygen, which form hydrated Fe (Ill) 
oxide/hydroxide which is rust: : 

Fe’? —___»>Fe® + Te 


+t 
Fe’? + 30H —_> Fe(OH), > (rust) , 
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Fe» Fe(OH), <— 40H 


2Fe—s 2Fe +465 On + 2thO + 4as 


fee tet. drom pieces *, 


Cathode 


Rust is. soft and porous Gurl) in nature: Rusting 
causing agents like oxygen (O2), CO, and mois- 
ture can easily pass through it and corrode iron 
beneath/below it- 


QI5: Write down various methods used for the 
prevention of corrosion: 


Ans Prevention of Corrosion: (Abbottabad 2079) 
7- Removal of Stains (2/t): 

As the regions of stains in an iron act as the 
site (4) for corrosion, by removing stains, corro- 
sion can be prevented: 

2: Paints and Coating: 

Coating the metal surface with paint, oil or 
grease prevents corrosion: Modern paints contain 
a combination of chemicals called stabilizers: 
These stabilizers provide prevention against corro- 
sion and other atmospheric effects: 

3- Alloying: 

Corrosion can also be prevented by alloying met- 
als- An example of alloy is stainless steel’ Steel is 
a solid mixture of -iron, chromium and_nickel- 
Steel resists corrosion Similarly brass (J) is an 
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alloy of zine and copper 
Alloy: “A homogeneous solid mixture of two or 
metals or metals and non-metals is called an alloy-” 
4- Metallic Coating/Plating: 
“The deposition of a layer of some superior met- 
al over the surface of an inferior metal electro- 
chemically is called electroplating-” Metallic coat- 
ings or plating is carried out for the prevention 
of corrosion and also for beautification of metals- 
’ A thin coating of one metal on the surface of 
another metal can be applied by spraying: e-g: 
galvanizing [deposition of zinc], tinning [deposi- 
tion of tin} ete: fren utensils Gi) can be pro- 
tected from rusting by nickel, chromium or tin 
plating- : 
5- Cathodic Protection: 
This method is used to protect iron in buried 
fuel tanks (Uesinets) and pipelines: An active 
metal like zinc or magnesium is connected by a 
wire to the pipeline or tank to be protected: |t 
is because, zine and magnesium are better reduc- 
ing agents than iron- Electrons are supplied by 
zinc or magnesium instead of iron, thus protect 


iron from oxidation’ As oxidation occurs, zinc/ 
magnesium anode dissolves so it must be replaced 
periodically (8:)- Ship hulls are protected in a 
similar way by ‘attaching bars [rods] of titanium 
metal to the steel hull In salty water titanium 
aét as anode and is oxidized instead of steel hull- 
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The hull is the watertight body of a ship or 
boat- Above the hull is a super structure and 
deckhouse- 

6+ Corrosion inhibitors + Glycerine and polyethylene 


Q16: What is electroplating? What is its pur- 
pose? Explain the process of electroplating: 
Ans-~ Electroplating: 

Definition: “The deposition of a layer of some 
superior metal over the surface of an inferior 
metal. electrochemically is called electroplating-” 

' PURPOSES: 

1: Protection: 

Electroplating is usually done for the protection 
of a metal from corrosion: For ‘example, nickel 
and chromium are deposited over the surface of 
iron to prevent it from corrosion 

2: Repair (e7): 

Used.to weld the broken parts of machinery by 
depositing the layer of metal on it: 

3+ Decoration: 

To deposit nable metals like gold, silver and pla- 
tinum over the surface of an inferior metal to 
increase its beauty: 

Procedure of Electroplating: 

First the metallic substance is cleaned with sand, 
washed with sodium hydroxide solution and wa- 
ter The cleaned substance is made cathode: A 
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sheet of pure metal which is to be deposited is 
made anode: The salt of anode metal is taken as 
an electrolyte: Electroplating is carried out in a 
tank of cement, wood or glassy When electric 
current is passed, metal from anode is deposited 
on the cathode- 


QI7: Write a note on electroplating process of tin 
stannum-Sn, 


Ans- Electroplating of Tin: 

The target metal is cleaned with caustic soda, 
treated with acids in order to remove the rust, 
oil and greases present on its surface: Then it. is 
washed with water: Anode is made of tiny So- 
dium stannate is used as an electrolyte 
[Na,5n03'3H,0]: The substance to be electrop- 
lated is made cathode: When electric current is 
passed through electrolytic solution, anode start 
dissolving and converted into Sn’? ions: These ions 
move towards cathode, pick up electrons and de- 
posited in the form of a metallic layer The fol- 
lowing reactions take place: 

At anode: $n,. > $n"? + 28s 


At cathode: Sn‘? + 22s ———> $n, deposited 


Strip of iron metal Strip of tin metal 


Tin atoms 


Tin chloride or sodium 


stamate solution 
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.| QI8: Explain electroplating of zinc: 


Ans: Electroplating of Zine: (Mardan 2019) 
During this process cleaned zinc metal is made 
anode: The article to be electroplated is made 
cathode: ZnSO, salt and H.50, solution acts as 
an electrolyte: Zinc anode dissolves, producing 
Zn’? and electrons: Zinc ions move towards. ca- 
thode, pick up electrons and are deposited as zine 
metal: Reactions. taking place at electrodes are 
given below: : 

At anodes = Zn —~—-- Zn”? + 2e 

At cathode: Zn + 2es —_—-» Zn (deposited) 


Q19: Write a note on electroplating of chromium: 


Ans: Electroplating of Chromium: 

in chromium plating, anode is made of chromium 
metal: Chromic acid [HCrO,J and H,SOz solution 
is used as an electrolyte: The article to be elec- 
troplated is cleaned and made the cathode: The 
electrodes are connected to the terminals of the 
battery: When electric current is passed through 
the solution, the following reactions taking place: 
Anode: Cr——-—->Cr + 3es —_ [oxidation] 
Cathode: = Cr"? + 3@s-——___5Cr ____ [reduction] 


SOCIETY, TECHNOLOGY & SCIENCE 
Pure silver is very soft metal, also called the fine 


silver: It is relatively soft, very malleable Silver 
atoms have weak interactions and are loosely 
packed together: Silver tarnishes [loss of colour, 
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dull colour] in air when it comes in contact with 
trace amount of HS or $0, in the air and turn 
blackish: Due to this reason decorative and prac- 
tical objects which are made of solid silver gradual- 
ly turns black, and lose their shining appearance: 
lt is easily damaged so it is commonly combined 
with other metals to produce a more durable 
product: The most popular of these alloys is ster- 
ling silver, which consists of 92-5% silver and 
7°5% copper: 

To preserve the food and taste of the food, pre- 
servatives are added: These preservatives are 
usually organic acids such as acetic acid and benzoic 
acids etc or their salts: If the food beverages are 
canned (tS te-3) in iron or in any other corrosive 
[reactive] metal, these acids will react with cans 
le will corrode the cans and will destroy the food 
and beverages and may form toxic substances by 
reacting with iron or other reactive metals- 

To deal with these problems, food and beverages 
industries use-tin plated steel cans: Tin plating is 
non- poisonous and prevents corrosion: It also pre- 
serves the taste of food and beverages by pre- 
venting the reaction with cans: 
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7- 


Exercise 


Choose the correct option: 


The oxidation number of Nz is: 
(a) +7 (b) +3 
(<) OF (d) -3 


What is the oxidation number of “C”" in 
243 -2 +43 


CH30H? 
(a) -2/ (b) -7 
(oO (d) +7 
A cation is: 


(a) Neutral (b) Negatively charged 

(¢) Coloured (d) Positively charged/ 
Electrons are lost by the: 

(a) Reducing agent as it undergoes oxidation’ 
(6) Reducing agent as it undergoes reduction 
(¢) Oxidizing agent as it undergoes oxidation 
(d) Oxidizing agent as it undergoes reduction 
What is the oxidation number assigned to man- 
ganese in KMin0,7 

(4) +7 (b) +3 

() +2 (d) +4 

In a particular redox reaction, the oxidation 
number of phosphorus changed from -3 to 
O- From this information, it may be con- 
cluded that phosphorus: : 

(a) Lost 3 electrons and was reduced 

(bh) Lost 3 electrons and was oxidized/ 

(¢) Gained 3 electrons and was reduces 
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(d) Gained 3 electrons and was oxidized 

7. Which statement is true for an electro- 
chemical cell? 
(a) Oxidation occurs at anode only/ 
(b) Reduction occurs at anode only 
(t) Oxidation oceurs at both the anode and 
cathode 
(d) Reduction occurs at both the anode and 

: cathode : 

& In which of the following does sulphur have 

an oxidation number of +7? 


(a) HS0; 
(b) 50; +2 + 14-16 =O 
(te) H.50. 
#2 474 
1 47 -2 
(4d) H,5,0,4 Ho $ Os 


9: What happens to the reducing agent in an 
oxidation-reduction reaction? 
(a) It is.oxidized as it gains electrons 
(b) It is oxidized as it loses electronsY 
(¢) lt is reduced as it gains electrons 
(d) It is reduced as it loses electrons 

70- In an electrochemical cell, electrons travel in 
whith direction? 
(a) From the anode to the cathode through 
the external circuit 
(bh) From the anode to the cathode through 
the salt bridge 
(¢) From the cathode to the anode through 


Visit www.downloadclassnotes.com for Notes, Old Papers, Home Tutors, Jobs, IT Courses & more. 
(Page 284 of 330) 


For more notes & academic material visit our Website or install our Mobile App 
Website: www.downloadclassnotes.com Mobile App: bit.ly/DCNApp 


CHEMISTRY NOTES FOR 9" CLASS (FOR KHYBER PAKHTUNKHWA) 


the external circuit 
(d) From the cathode to the anode through 
the salt bridge 


QI: Indicate which element is reduced in the fol- 
lowing reactions? 

(a) Ca + Br, ———> CaBr, a 

(b) SH" + MnO] + Se ——_+ Mn’? + 4H,O 
Ans: 

(a) Bromine is reduced from Br° + Br? 

(b) Manganese is reduced from Mn‘? — Mn? 


Q2: What is the oxidation number of silver on 
eath side of the following equations: 
4Ag + 0, ———» 2Ag,0 


Ans Ag? ———-> 2,0 ° 
The oxidation number of silver on the left side is 
zero because it is in free [elemental] state and 
its oxidation state on the right side = +7- 


Q3: Why NaOH is a strong and NH,OH is weak 


electrolyte? 
(Mardan 2017, Swat 2079 


Ans: NaOH is a strong electrolyte because it io- 
nizes in its aqueous solution upto maximum’ ex- 
tent [84%], while NH,OH is a weak electrolyte 
because it jonizes upto limited extent [7-3%] in 
aqueous solution’ NaOH is more. ionic than 


lotes, Old Papers, Home Tutors, 
(Page 285 of 330) 


For more notes & academic material visit our Website or install our Mobile App 
Website: www.downloadclassnotes.com Mobile App: bit.ly/DCNApp 


CHEMISTRY NOTES FOR 9" CLASS (FOR KHYBER PAKHTUNKHWA) 


Q4: How to prevent corrosion? Enlist few of 
the methods: 


Ans- Corrosion can be prevented by adapting the 
- following methods: 
7- Removal of stains from the metal surface- 


2- Coating the metal surface by paint, grease and 
oil ete- 

3- Alloying the metals- 

4- Coating the metal surface with another metal 
by spraying e-g- galvanizing: 

&: Use of corrosion inhibitor chemicals such as 
glycerine and polyethylene ete: 

6- Cathodic protection 


Q5: Write chemical reactions that occur in Nel- 
son's cell: : 


Ans Various chemical reactions occurring in Nel- 
son’s cell are as follow: 
2NaC| ————» 2Na* + 2cf 
2H,0 ———> 2H" + 20H 
Anode reaction: 2C] ———+Cl, + 2és 
Cathode reaction: 2H” + 2¢s ———>H, - 
2Na’ + 20H ———> 2NaOH 


Q6: Write one example from daily life which in- 

volves the oxidation reduction reaction: 

Ans: 

7- Combustion is an oxidation-reduction reaction 
- in daily life 
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oxidation 


Cs: Os ee 


reduction 


2: Another example is photosynthesis 


Q7: Assign oxidation numbers to each atom in 
the following compounds: (a) HI . e ag (ce) 
d) H5P 6 


a) Hl: .H=4,}=-7 
b) PBrs: P= +3, Br = -1[38r = -3] 
6) CaCO,: Ca = 42, C= +4,0=-2[30 = -6] 


d) ease 
= +7 [3H = +3],P = +5, O= -2 [40 = -8] 
- e) a O53: 
As = +5[2As = +10],0 = -2[50 = -10] 
£2) HSO, 


Le si[2H = 42],$ = 46,0 = -2[40 = -8] 


Q8: Why axygen “O,” is necessary for rusting? 


Ans: We know that. rusting is basically an oxidation 
process and oxygen is necessary for oxidation: Simi- 
larly, in rusting process oxygen oxidizes ferrous ion 
to ferric ion [Fe + Fe? + Te] and the chemical 
analysis shows that rust is hydrated iron (Ill) oxide 
[Fe’?]- In nut shell oxygen is very necessary for the 
oxidation of ferrous ion [Fe'] into ferrie ion [Fe] 


and conversion of H,O to OH ions: 
Q9: Sketth the Daniel cell, labeling the cathode, 
anode and the direction of flow of the electrons: 


Ans: Please see the labeled diagram in question # 8: 
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Q10: Write down some possible uses of an elec- 
trolytic cell- 


Ans: Some possible uses of an electrolytic cell are: 

7 An electrolytic cell is used for the purification 

of impure metals- ; 

2: Used for the extraction/separation of ele- 
ments from their compounds such as Na and 
Cl can be extracted from NaCl: 

3- Used for the electroplating process: 

4. Used for the conversion of electrical energy 
into chemical energy: 


Long Questions 


QI: (a) What is electroplating? 


(b) Distinguish between the nature of anode and 
cathode in such a process: 


Aas: (a) Electroplating: (Bannu 2079) 

“The process of deposition of a layer of some su- 
perior metal over the surface of an inferior metal 
is called electroplating:” 

(b) In electroplating process, the substance or 
article whith is to be electroplated is made ca- 
thode i-e- will be connected to the negative ter 
minal of the battery: On the other hand, the 
metal [superior metal] whose layer is to be de- 
posited is made anode ire will be connected to 
the positive terminal of the battery: Simply, in- 
ferior (Gx) metal is used as.cathode and superior 
($0 metal is made anode: 


Visit www.downloadclassnotes.com for Notes, Old Papers, Home Tutors, Jobs, IT Courses & more. 
(Page 288 of 330) 


For more notes & academic material visit our Website or install our Mobile App 
Website: www.downloadclassnotes.com Mobile App: bit.ly/DCNApp 


CHEMISTRY NOTES FOR 9" CLASS (FOR KHYBER PAKHTUNKHWA) 


Q2: Differentiate between the process of oxida- 
tion and reduction: Write an equation to illu- 
strate each: 


Ans- The process during which oxygen is added to 
a substance, hydrogen is removed from a sub- 
stance or electron(s) is removed from a sub- 
stance is called oxidation process while the 
process during which oxygen is removed from a 
substance, hydrogen is added to a substance and 
electron is added to a substance is called reduc- 
tion process: 


Example: 


Loss _of és (oxidation) 


° + 2 ° 
2%) + CUleea) > Znte Cus 


Gain of es (reduction) 


Q3: (a) What is corrosion? Explain rusting of 
iron as an example of corrosion: ‘ 

(b) Differentiate between an electrolytic ceil 
and voltaic cell- 
Ans: (a) Please see question # 74- 

(b) Electrolytic cells are those devices in which 
electrical energy is converted into chemical energy 
while in galvanic / voltaic cells a spontaneous re- 
dox reaction [chemical energy] generates electrical 
energy Simply, 

Electrolytic Cell: Convert electrical energy into 
chemical energy 
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Voltaic Cell: Convert chemical energy into elec- 
trical energy 


Q4: Discuss the method of recovering/extracting 
of metal from its ore- 


Ans: “The process of extracting metals from 
their ores is called metallurgy:” The device used 
for this purpose is electrolytic cell’ When an elec- 
tric current is passed through molten/fused state 
of the compound, cations move towards cathode 
and anion move towards anode, pure metal is de- 
posited on cathode: 
Lets take the example of extracting sodium from 
its ore sodium chloride [NaCl]- First a mixture of 
CaCl, and NaCl is heated and melted in a furnace 
at GOOC or pure NaCl is melted at 807C and 
then electric current is passed through its molten 
mass: The following reactions/changes taking place: 

2NaCl,,, ———> 2Naj,, + 2€1,,, 
Reaction at anode: 

2C] ——_+ Cl, + 2s 
Reaction at cathode: 

2Na + 2es ——__> 2Na 


QS: Discuss the preparation of sodium hydroxide 


[NaOH] from brine along with diagram and reac- 
tions at cathode and anode- 


Ans: Please see question # 73- 


ooo 
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